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SECTION I 
INTRODUCTION 


1-1. SCOPE 

This ALTAIR^*^800b Documentation 
provides a general description of 
the various printed circuit cards 
contained in the ALTAIR 8800b and 
detailed theory of their operation. 
Included in the documentation is 
an operator's guide which famili¬ 
arizes the operator with the var¬ 
ious switches and indicators on 
the ALTAIR 880.0b front panel. De¬ 
tailed assembly Instructions are 
also provided. 

1-2. ARRANGEMENT 

This manual contains five sections 
as follows: 

c 

^^1. Section I contains a general 

description of the ALTAIR 8800b 
computer and associated printed 
circuit cards. 

2. Section II contains information 
on the controls and indicators 
which are located on the ALTAIR 
8800b front panel. 

3. Section III contains a detailed 
theory explanation of the ALTAIR 
8800b circuit operation. 

4. Section IV contains trouble¬ 
shooting information for the 
ALTAIR 8800b. 

5. Section V contains the detailed 
assembly instructions for the 
ALTAIR 8800b. 


1-3. DESCRIPTION 

The ALTAIR 8800b computer (Figure 
1 -1) is a general purpose, byte- 
oriented machine (8-bit word). 

It uses a common 100-pin bus struc¬ 
ture that allows for expansion of 
either standard or custom plug-in 
modules. It supports up to 64K of 
directly addressable memory and 
can address 256 separate input and 
output devices. The ALTAIR 8800b 
„ computer has 78 basic machine lan¬ 
guage instructions and consists of 
a power supply board, an interface 
board, a central processing unit 
(CPU) board, and a display/control 
board. 

1-4. POWER SUPPLY BOARD (Figure 1-2) 

The Power Supply Board provides two 
of the three output voltages to the 
ALTAIR 8800b computer bus, a posi¬ 
tive and negative 18 volts. It 
includes a bridge rectifier circuit 
and associated filter capacitors, a 
10 -pin terminal block connector, 
and the regulating transistors for 
the positive and negative 18 volt 
supplies. 


1-5. INTERFACE BOARD (Figure 1-3) 

The Interface Board buffers all 
signals between the display/control 
board and the ALTAIR 8800b bus. It 
also contains eight parallel data 
lines which transfer data to the CPU 
from the Display/Control board. 
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1-6. CPU BOARD (Figure 1-4) 

The CPU board controls and processes 
all instructions and data within 
the ALTAIR 8800b computer. It con¬ 
tains the Intel Corporation model 
8080A microprocessor circuit, the 
master timing circuit, eight input 
and eight output data lines to the 
ALTAIR bus control circuits. 


1-7. DISPLAY/CONTROL BOARD (Figure 

ES 

The Display/Control Board conditions 
all ALTAIR 8800b front panel switches 
and receives information "to be dis¬ 
played on the front panel. It con¬ 
tains a programmable read only 
memory (PROM), switch and display 
control circuits, and control cir¬ 
cuits to condition the CPU. 
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Figure 1-5. Display/Control Board 
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©2-1 • GENERAL 

The Operators Guide contains information on the ALTAIR 8800b 
computer (8800b) front panel controls and indicators. It includes 
general switch operation exercises and a sample program which is 
intended to familiarize the operator with the various front panel 
operations. This section does not contain specific information on 
the 8800b software; but the Intel 8080 Microcomputer Systems Users 
Manual is provided for this purpose. Also, additional programs avail¬ 
able to the user are described in the ALTAIR Software Library. Up¬ 
date information is contained with your unit. 


2-2. FRONT PANEL SWITCHES AND INDICATORS 



The Front Panel switches permit the. operator to perform various 
ALTAIR 8800b operations, and the indicators display address informa¬ 
tion, data information, and primary status control line information. 
Refer to Figure 2-1 for the location of the switches and indicators 
and Table 2-1 for an explanation of each. 
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"able 2-1. ALTAIR 380Cb Sv/ltches and Incicators 


3<-r’rc'i 

runc^ion or iro ■:ooo':on : 

POWER OA/OFF i 

.'■A, ppi 1 3S pOV/Sr CO uO'c OGU'jb j 

STOP/RUM 

The RUN position allows the CPU to process 

data and disables all functions on the 

front panel except reset. The STOP pos¬ 
ition conditions the CPU to a wait state 

and enables all functions on the front 

panel. 

SINGLE STEP/ 

The SINGLE STEP position allows execu- 

SLOW 

tion of one machine cycle or one instruc¬ 
tion cycle (depending upon the option 
selected). SLOW position allows execu¬ 
tion of machine or instruction cycles 
at a rate of approximately 2 cycles per 
second. (Normal speed is approximately 

500,000 machine cycles per second.) 

The CPU will execute the cycles as long 
as the SLOW position is maintained. 

EXAMINE/ 

The EXAMINE position allows the operator 

EX NEXT 

to examine the memory address selected 

on the A0-A15 MEMORY switches. The 

contents at that address are displayed 

on the DATA D0-D7 indicators. The EX 

NEXT position allows the operator to 
examine the next sequential memory 
address. Each time EX NEXT is actuated, 

the contents of the next sequential 
memory address are displayed. 
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Table 2-1. ALTAIR 8800b Switches and Indicators - Continued 


Switch 


DEPOSIT/ 
DEP NEXT 


RESET/ 
EXT CLR 


C ‘ 

PROTECT/ 

UNPROTECT* 


ACCUMULATOR 

DISPLAY/LOAD 


O 

♦Protect switch 
circuit. 


Function or Indication 


The DEPOSIT position stores the contents 
of the lower address switches (A0-A7) 
into the memory address that is displayed 
on the MEMORY address A0-A15 indicators. 
The DEP NEXT position stores the contents 
of the lower address switches (A0-A7) into 
the next successive memory address. 

The RESET position resets the program 
counter to zero and the interrupt enable 
flag in the CPU. The EXT CLR position 
produces an external clear signal on the 
system bus which generally clears an 
input/output. 

The PROTECT position conditions the 
write protect circuits on the currently 
addressed memory board, preventing data 
in that block of memory from being 
changed. The front panel or the CPU 
cannot affect the memory when protected. 
UNPROTECT position allows the contents 
of memory to be changed. 

The DISPLAY position allows the contents 
of the CPU accumulator register to be 
displayed on the DATA D0-D7 indicators. 
The LOAD position allows the lower 
eight address switch (A0-A7) information 
to be stored in the CPU accumulator 
register. 

only applies to memory boards with a protect 
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Tab l a 2-1 


: -j i y y 


;n or 


Icaaof's - Copti nuec 


INPUT/ 

OUTPUT 


davice, selacted on the I/O A 0 -A 7 switches 
(upper eignt adarass switches), to input 
data into the CPU accumulator. The 
OUTPUT position allows an external de¬ 
vice, selected on the I/O A0-A7 switches, 
to receive data from the CPU accumulator 
register. 


Address Switches 
AO-Al5 


These switches are used to select an 
address in memory or to enter data. The 
up position denotes a one bit and the 
down position denotes a zero bit. 


SENSE switches The upper eight address switches (A8- 

A8-A15 A15) also function as SENSE switches. 

The data present on these switches is 
stored in the accumulator if an input 
from channel 377g (front panel) is exe¬ 
cuted. 


MEMORY AO-Al5 

PROTECT 

INTE 

MEMR 

INP 

Ml 

OUT 


Display the memory address being examined 
or loaded with data. 

Memory is protected. 

Interrupts are enabled. 

The CPU is reading data from memory. 

An external device is inputting data 
to the CPU. 

The CPU is in machine cycle one of an 
instruction cycle. 

The CPU is outputting data to an 
external device. 
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Table 2-1. ALTAIR 8800b Switches and Indicators - Continued 


Indicator 

Function or Indication 

HLTA 

The CPU is in a halt condition. 

STACK 

The address bus contains the address 
of the stack pointer. 

WO 

The CPU is writing out data to an 
external device or memory. 

I NT 

The CPU has acknowledged an interrupt 
request. 

DATA D0-D7 

Data from memory, an external device, 
or the CPU 

WAIT 

The CPU is in a wait condition. 

HLDA 

The CPU has acknowledged a hold 
signal. 






i '. / ; :,C 


■cns cparaccr v/i cn tna ALT^IR 3800b front panel switches and inaica- 
tors. Perforin the operations in a sequential manner as shown in the 
following tables. 


2-4. POWER ON SEQUENCE (Table 2-2) 

The power on sequence resets the CPU program counter to the first 
memory address and places the CPU in a wait condition at the beginning 
of an instruction cycle. 


Table 2-2. . Power On Sequence 


Step 

Function 

Indication 

1 

< 

Position the POWER ON/ 

OFF switch to ON. 

MEMR, Ml, and WAIT indica¬ 
tors are on. Some DATA 

DO-07 indicators may also 

be on. All other indicators 

are off. 


2-5. RUN OPERATION (Table 2-3) 

The run operation releases the CPU from a wait condition, and 
allows it to execute a program. When the run operation is enabled, 
all other front panel switches are inactive except the RESET switch. 


Table 2-3. Run Operation 


Step 

Function 

Indication 

1 

Momentarily position the 
STOP/RUN switch to RUN. 

WAIT indicator is off 

(or may be dimly lit). 

The machine can now exe¬ 
cute a program. 
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2-6. STOP OPERATION (Table 2-4) 

The stop operation places the CPU In a wait condition and allows 
the operator to use the switches on the 8800b front panel. 


Table 2-4. Stop Operation 


Step 

Function 

Indication 

1 

Position the STOP/RUN 

switch to STOP. 

WAIT, MEMR, and Ml indicators 
are on. The operator now 

has control of the front 

panel. 


2-7. EXAMINE MEMORY OPERATION (Table 2-5) 

This procedure allows the operator to select a memory address 
and examine its contents. 


Table 2-5. Examine Memory Operation 


Step 

Function 

Indication 

1 

Position the address 

switches AO-A15 



down. 


2 

Position the EXAMINE/ 

AO through A15 indicators are 


EX NEXT switch to 

off, indicating memory address 


EXAMINE. 

location OOOg is being examined. 
DATA DO through D7 indicators 
are displaying the contents 
of location OOOg. 

3 

Position address 

switches A1 and A2 

up. 

4 

Position the EXAMINE/ 

A1 and A2 indicators are on, 


EX NEXT switch to 

indicating memory address 006g 


EXAMINE. 

is being examined. DATA DO 
through D7 indicators are dis¬ 
playing the contents of loca¬ 
tion 006g. 
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Table 2-6. Altering Memory Contents 


Step 

Function 

Indication 

1 

Position address switch 

A5 up and the remaining 
switches down. 


2 

Position the EXAMINE/ 

A5 indicator is on, indi- 


EX NEXT switch to EXAMINE 

eating memory address 040g. 

- 


DATA DO through D7 indi- 



cators are displaying the 
contents of location 040g. 

3 

Position the AO through 

A7 address switches up. 

4 

Position the DEPOSIT/DEP 

DATA DO through D7 indi¬ 


NEXT to DEPOSIT 

cators are on, indicating 


< 

the new data that has been 

placed in address location 
OAOg. 


2-9. EXAMINE NEXT MEMORY LOCATION (Table 2-7) 

This procedure allows the operator to examine the next sequential 
memory location, as determined by the address switches. 


Table 2-7. Examine Next Memory Location 


Step 

Function 

Indication 

1 

2 

Position address switches 

AO and A5 up, and the re¬ 
maining switches down. 
Position the EXAMINE/EX 

NEXT switch to EXAMINE 

AO and A5 indicators are 

on, indicating memory 
address 041g. 
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Table 2-7. Examine Next Memory Location - Continued 


Step 

Function 

. 

Indication 

3 

Position address 

switches Al, A4, and 

A6 up, and the remain¬ 
ing switches down. 


4 

Position the DEPOSIT/ 

DATA D1, D4, and D6 in- 


DEP NEXT switch to 

DEPOSIT 

dicators are on. 

5 

Position address switch 

A5 up, and the remaining 
switches down. 


6 

Position the EXAMINE/EX 

A5 indicator is on, in¬ 


NEXT switch to EX NEXT 

dicating memory address 
040g. DATA DO through 

D7 indicators are on. 

7 

Position the EXAMINE/EX 

A5 and AO indicators are 


NEXT switch to EX NEXT 

on, indicating address 

041g. DATA Dl, D4, and 

D6 indicators are on. 


2-10. ALTER NEXT MEMORY LOCATION CONTENTS (Table 2-8) 

This procedure allows the operator to select a memory address 
and change the contents of the address that immediately follows. 


Table 2-8. Altering Next Memory Contents 


Step 

Function 

Indication 

1 

Position address switches 
AO and A5 up, and the re¬ 
maining switches down. 


2 

Position the EXAMINE/EX 

AO and A5 indicators 


NEXT switch to EXAMINE 

are on. 

3 

Position address switches 



AO through A7 up 
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1 dO i •: 

2-c. Al:aring next Memory 

L 0 n L cl f! a 3 u „ 1 )1 U 8 U 

! 

S^ao 

: 1 ^ : 

1 - , * ^ i i i 

‘ A 

C£? NEXT switch to D£? 

NEXT 

1 ‘ 3 ^ '' Z "i 

on, indicating 042g. 

DATA DO through D7 are 
on, displaying the new 
contents of location 042g. 

5 

To verify, position ad¬ 
dress switches A5 and A1 

up, and the remaining 

switches down. 


6 

Position the EXAMINE/ 

A1 and A5 indicators are 


EX NEXT switch to EXAMINE 

on, and DATA DO through 

D7 are on. 


2-n. LOADING AND DISPLAYING ACCUMULATOR DATA (Table 2-9) 

This procedure allows the operator to load new data into the 
accumulator or check the contents of the accumulator. 



Table 2-9, Loading and Displaying Accumulator Data 


Step 

Function 

Indication 

1 

Position address switches 

AO, Al, and A2 up, and the 
remaining switches down. 


2 

Position the ACCUMULATOR 

DISPLAY/LOAD switch to LOAD 


3 

Position the ACCUMULATOR 

DATA DO, Dl, and D2 


DISPLAY/LOAD switch to 

indicators are on 


DISPLAY 

while "DISPLAY" is 

activated. 
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2-12. LOADING A SAMPLE PROGRAM 

The sample program is designed to retrieve two numbers from 
memory, add them together, and store the result in memory. The exact 
program in mnemonic form can be written as follows: 


0. 

LDA 

1. 

MOV B,A 

2. 

LDA 

3. 

ADD B 

4. 

STA 

5. 

JMP 


The mnemonics for all 78 8800b instructions are explained in detail 
in the Intel 8080 Microcomputer System User's Manual. However, the 
instructions used in this program are explained as follows: 

1. LDA—Load the accumulator with the contents of a specified 
memory address. 

2. MOV B,A—Move the contents of the accumulator into register 
B. 

3. ADD B—Add the contents of register B to the contents of 
the accumulator and store the result in the accumulator. 

4. STA—Store the contents of the accumulator in a specified 
memory address. 

5. JMP—Jump to the first step in the program. 

Step 5, the JMP instruction (followed by the memory address of the 
first instruction), causes the CPU to "jump" back to the beginning of 
the sample program and execute the program repeatedly until the CPU 
is halted. Without a JMP instruction, the CPU would continue to run 
randomly through memory. 

2-13. LOADING THE PROGRAM 

To load the program into the 8800b, first determine the memory 
addresses for the two numbers to be added and where the result is to 
be stored. Store the program instructions in successive memory 
addresses, beginning at the first memory address, OOOg. In this exam¬ 
ple, the first number to be added will be located at memory address 
200g (10 000 000), the second at memory address 201g (10 000 001), 
and the sum will be stored in memory address 202g (10 000 010). Now 
that the memory addresses have been specified, the program can be 
converted into its machine language bit patterns (Table 2-10). 



Tib'^2 2-10. M^chins Sit Pautcrns 


LDA 200 

1 1 r. 

•vU i i ! 'J \ ' j 

10 GOC 000 

00 000 000 

Load ;-cc'.-n:a1a:or' in ana CPU wian con- 

tsnts of Usinory addrsss 200- (2 bytas i 

required for memory addresses) 

MOV B,A 

01 000 111 

Move Accumulator data to Register B 

LDA 201 

00 111 010 

10 000 001 

00 000 000 

Load Accumulator with the contents 
of Memory address 201g 

ADD B 

10 000 000 

Add Register B to Accumulator 

STA 202 

00 no 010 

10 000 010 

00 000 000 

Store the Accumulator contents 
in Memory address 202g 

JMP 000 

11 000 on 

00 000 000 

00 000 000 

Jump to Memory location 0. 

j 


The octal equivalent of each bit pattern is also frequently 
included in the program listing. It is easy to load octal numbers 
on the front panel switches, since it is only necessary to know 
the binary equivalents for the numbers 0-7. The resulting program, 
including octal equivalents, may be written as shown in Table 2-11: 
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Table 2-11. Addition Program 


MEMORY 

ADDRESS 

MNEMONIC 

BIT PATTERN 

OCTAL EQUIVALENT 

000 

LDA 200 

00 111 010 

0 7 2 

001 

(address) 

10 000 000 

2 0 0 

002 

(address) 

00 000 000 

0 0 0 

003 

MOV B,A 

01 000 111 

1 0 7 

004 

LDA 201 

00 111 010 

0 7 2 

005 

(address) 

10 000 001 

2 0 1 

006 

(address) 

00 000 000 

0 0 0 

007 

ADD B 

10 000 000 

2 0 0 

010 

STA 202 

00 on 010 

0 6 2 

on 

(address) 

10 000 010 

2 0 2 

012 

(address) 

00 000 000 

0 0 0 

013 

JMP 000 

11 000 on 

3 0 3 

014 

(address) 

00 000 000 

0 0 0 

015 

(address) 

00 000 000 

0 0 0 


Using the front panel switches, the program may now be entered 
into the computer. To begin loading the program at the first memory 
address 000, position the RESET/CLR switch to RESET. The data to be 
stored in address 000 is entered on address switches AO through A7. 
After the address switches are set, position the DEPOSIT/DEP NEXT 
switch to DEPOSIT to enter the A0-A7 bit pattern into memory address 
000. Enter the second byte of data on the address switches and pos¬ 
ition the DEPOSIT/DEP NEXT switch to DEP NEXT. The bit pattern will 
be loaded automatically into the next sequential memory address (001) 
Continue loading the data into memory for the remainder of the pro¬ 
gram. The complete program loading procedure is shown in Table 2-12: 





able 2-12. 


Adaition Program Loading 


S'.iiTCHES 


DATA 0-7 





RESET 


00 

111 

010 

DEPOSIT 


10 

000 

000 

DEPOSIT 

NEXT 

00 

000 

000 

DEPOSIT 

NEXT 

01 

000 

111 

DEPOSIT 

NEXT 

00 

111 

010 

DEPOSIT 

NEXT 

10 

000 

001 

DEPOSIT 

NEXT 

00 

000 

000 

DEPOSIT 

NEXT 

10 

000 

000 

DEPOSIT 

NEXT 

00 

no 

010 

DEPOSIT 

NEXT 

10 

000 

010 

DEPOSIT 

NEXT 

00 

000 

000 

DEPOSIT 

NEXT 

11 

000 

on 

DEPOSIT 

NEXT 

00 

000 

000 

DEPOSIT 

NEXT 

00 

000 

000 

DEPOSIT 

NEXT 










The program is now ready to be run, but first it is necessary to 
store data at each of the two memory addresses (200g and 201g) to be 
added together. To load the first address, set address switches AO- 
A7 to 10 000 OOO 2 and position the EXAMINE/EX NEXT switch to EXAMINE. 

Now load any desired number into this address by using address switches 
A0-A7. When the number has been loaded onto the switches, position the 
DEPOSIT/DEP NEXT to DEPOSIT to load the data into memory. To load the 
next address, enter a second number on the address switches A0-A7 and 
position the DEPOSIT/DEP NEXT switch to DEP NEXT. Since sequential 
memory addresses were selected, the number will be loaded automatically 
into the proper address (10 000 OOlg)- Once the program has been loaded 
and the two numbers have been stored in memory locations 200g and 201g, 
the program can be run. Return to address 000 by positioning all A0-A7 
address switches down and positioning the EXAMINE/EX NEXT switch to 
EXW1INE. Then position the STOP/RUN switch to RUN. Wait a moment and 
position the STOP/RUN switch to STOP. Check the answer of your addi¬ 
tion program by selecting memory location 202g on the address switches 
and positioning the EXAMINE/EX NEXT switch to EXAMINE. The result is 
displayed on the DATA D0-D7 indicators. 
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SECTION III 






THEORY OF OPERATION 







o 







3-1. GENERAL 


This section contains information needed to understand the 
operation'of the MITS Altair 8800b computer (8800b). It contains 
a basic description of the logic symbols used in the 8800b 
schematics and detailed theory of the 8800b Central Processing 
Unit, Interface and Front Panel circuits. 

3-2. LOGIC CIRCUITS 

The logic circuits used in the 8800b drawings are presented 
as a tabular listing in Table 3-1. The table is constructed to 
present the functional name, symbolic representation, and a 
brief description of each logic circuit. Where applicable, a 
truth table is provided to aid in understanding circuit operation. 
Although Table 3-1 does not include every logic circuit used in 
the drawings, all unmentioned, circuits (and their symbolic repre¬ 
sentations) are variations of the circuits presented with their 
functional descriptions basically the same. The active state of 
the inputs and outputs of the logic circuits is graphically 
displayed by small circles. A small circle, at an input to a logic 
circuit, indicates that the input is an active LOW; that is, a LOW 
signal will enable the input. A small circle, at the output of a 
logic circuit, indicates that the output is an active LOW; that is, 
the output is low in the actuated state. Conversely, the absence 
of a small circle indicates that the input or output is active 
HIGH. 

After studying Table 3-1, refer to the "Intel 8800 Microcomputer 
Systems User's Manual" for information on the 8212, 8216, 8224 and 
8080 integrated circuits (ICs). It is recommended that a good under¬ 
standing of the IC operations be developed before continuing this 
section. 

3-3. ALTAIR 8800b OPERATION 

The Altair 8800b operation is explained from a system stand¬ 
point. The 8800b system operation is dependent upon the following 
four circuits: an Interface circuit, a Central Processing Unit (CPU) 
circuit, a Display/Control circuit, and a Power Supply circuit. 
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Table 3-1. Symbol Definitions 



NAME 

LOGIC 

SYMBOL 

DESCRIPTION 

NAND gate 

j 

A- 

B - 

N - 

>■ 

II 

>- 

The NAND gate performs one of the 
basic logic functions. 

All of the inputs have to be enabled 
(HIGH) to produce the desired (LOW) 
output. 

NOR gate 

. 

A 

B - 

N -- 

r>- 

Y = A + B ... +N 

The NOR gate performs one of the basic 
logic functions. 

Any of the inputs need be enabled 
(HIGH) to produce the desired (LOW) 
output. 

-inverter 

A- 


The inverter is an amplifier whose 
output is the opposite state of the 
input. 

Non-Inverting 

Bus Driver 

A-- 

E - 


The non-inverting bus driver is an 
amplifier whose output is the same 
state as the input. Data is enabled 
through the device by applying a 

TLOW) signal to the E input. 

Inverting 

Bus Driver 

■ 

■ 

Sllll 

The inverting bus driver is an ampli¬ 
fier whose output is the opposite 
state of the input. Data is enabled 
through the driver by applying a (LOW) 
signal to the E input. 
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NAME 


L O JL w 

SYMBOL 


CESOxI?!ION 


Edge triggered 
D type flip-flop 



Truth Table 


A 

"^n+l 1 

D 

Q 

Q 

L 

L 

H 

H 

H 

L 


Applying a LOW signal to the preset in¬ 
put (P) sets the flip-flop with output 
Q HIGH and output Q LOW. Applying a 
LOW signal to the clear input (C) re¬ 
sets the flip-flop with Q LOW and Q 
HIGH. This method of setting and re¬ 
setting the flip-flop is independent 
of the clock (asynchronous). If a 
signal is applied to the D input, the 
flip-flop 0 output is directly affect¬ 
ed on the positive edge of the clock 
(truth table). 


QUAD D flip-flop 


12 13 


Oq O2 D3 

CK 


3 2 6 7 11 10 14 15 


The information on the D inputs is 
stored during the positive edge of 
the clock (CK). The clear (C) input, 
when LOW, resets all flip-flops in¬ 
dependent of the clock or D inputs. 


4-Bit Binary Ripple 
Counter 


CPa 


CPb . 

Ro 

OaQbOcOO 


2 3 


12 9 8 11 


The 4-bit binary ripple counter oper¬ 
ation requires that the QA output be 
externally connected to input CPg. 

The input count pulses (negative edge) 
are applied to input CP^ enabling a 
divide by 2, 4, 8, and 16 at the QA, 
QB, QC, and QD outputs. The reset 
(RO) input resets the counter regard¬ 
less of the clock input (CP^) when 
both inputs are HIGH._ 
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Table 3-1. Symbol Definitions - Continued 




The 12-bit counter advances on the neg¬ 
ative edge of the clock input (CP). A 
HIGH on the master reset input (MR) 
clears all counter stages and forces 
all outputs (QO-Qll) LOW which is in¬ 
dependent of the clock input. 


Output data from a device is present on 
the DIq-DI^ lines and is enabled when 
DTEN and CS are LOW. Lines DBQ-DB 3 

transfer the data to the receiving unit. 
Input data to the device is present 
on the DBg-DB^ lines and is enabled 
when OTEN is HIGH and CS is LOW. 

Input data is transferred to the de¬ 
vice on the DOq-DOj lines. 


The XTAL 1 and 2 inputs allow for an 
external crystal connection which pro¬ 
duces a 01 and 02 master clock for the 
8800b. The SYNC input from the 8080 
(CPU) and internal timing generate a 
LOW status strobe (STSTB) signal. The 
reset in (RESIN) input generates a RE¬ 
SET output to condition the 8080 (CPU). 
A HIGH ready in (RDYIN) input gener¬ 
ates a READY output to enable the CPU. 







Table 3-(.Symbol Derinitions - Cointinue(i 



Data Latch 






3 5 7 9 22 20 la 16 





The data latch is used to store or 
transfer data on the DO^-DO^ outputs 
by affecting the data latch control 
inputs. There are several different 
ways used to store data or transfer 
it to the data latch. 

When data is presented to the Dlg-DIy 
inputs and the device selection 2 
(DS2), mode MD, and strobe (STB) are 
HIGH, a LOW device selection 1 (DSl) 
allows the input data to be present on 
the DCq-DO^ outputs. 


When data is presented to the Dlg-DIy 
inputs and MD and STB are HIGH, a 
HIGH DS2 and LOW DSl allow the input 
data to be present on the DOq-DO^ out¬ 
puts . 


When data is presented to the DIQ-DI 7 
inputs and DSl and MD are LOW, a HIGH 
DS2 and STB allow the input data to be 
present on the DCq-DO^ outputs. 


When data is presented to the DIq-DIt 
inputs, and MD and DS2 are HIGH with 
DSl LOW, the input data is directly 
transferred to the DOg-DOy outputs as 
long as these states are present. 
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Table 3-1. Symbol Definitions - Continued 


C 
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Thase circuits comprise the basis or tne 3300b and control the oper¬ 
ation that allc'.rs corrmunication with -amory ana/or eotarnal cavices. 
~h3 fcilowing paragrap-^s explain hov, tnese fcjn circuits function as 
a system to accomplish master timing, data transfers to ana from mem¬ 
ory or external devices, and instigation of front panel functions. 


3-4. SCHEMATIC REFERENCING 

The detailed schematics of the Interface circuit, CPU circuit, 
and Display/Control panel are provided to aid in determining signal 
direction and tracing. A solid arrow (—►) on the signal line 
indicates direction, and the tracing of the signal through the 
schematics is referenced as it leaves the page. The reference is 
shown as a number - letter number (e.g. 2-A3), indicating sheet 2 
and schematic zone A3. The reference may be shown alone or in a 
bracket. If the reference is bracketed, the signal is going to 
another schematic which is referenced outside the bracket. If the 
reference is shown alone, the signal is going to another page of 
the multi sheet schematic. 

3-5. 8800b BLOCK DIAGRAM DESCRIPTION (Figure 3-1) 

The 8800b computer contains four basic circuits; the Central 
Processing Unit (CPU), Memory, an Input/Output (I/O) section, and 
the Front Panel. The CPU controls the interpretation and execution 
of software instructions, and Memory stores the software information 
to be used by the CPU. The I/O section provides a communication 
link between the CPU and external devices. The Front Panel allows 
the operator to manually perform various operations with the 8800b. 
The 8800b basic block diagram and accompanying text (paragraphs 3-6 
and 3-7) explain the CPU's conmiunication with the memory (and I/O) 
circuits and with the front panel. The system clock, power-on oper¬ 
ation and run operation are explained in paragraphs 3-8 through 3-10. 


3-6. CPU TO MEMORY OR I/O OPERATION 

The Memory or I/O section operation repuires several signals 
that allow transfer of data to and from the CPU. The ADDRESS bus 
(A0-A15) consists of sixteen individual lines from the CPU to Memory 
and I/O devices. The signals on this bus represent a particular 
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iL-e 


o 


CPU 



Figure 3-1. 8800b Basic Block. 




rerrory address location or external device number that is needed to 
establish coirmunications with Memory or I/O devices. Cnee the ad- 
cress caca {nj-AlS; is oresentea to Memory or I/O devices, 'oe CPU 
gar.eraces '/crious STATUS signals. The STATUS signals enaole decodin 
of a memory address or conditions the I/O device card to send or re¬ 
ceive data from the CPU 

Data from Memory or I/O devices is presented on the DATA IN 
lines {DI0-DI7) and applied to eight non-inverting bus drivers. The 
drivers are enabled by a POBIN signal from the CPU and a BC^ (bus con¬ 
trol) signal. The BC signal is LOW when the Front Panel is not in 
operation. The eight non-inverting bus drivers, when enabled, present 
the input data to BI-DATA lines (D0-D7) which input the data to the 
CPU. 


Data outputted to Memory or I/O devices is presented to the 
DATA OUT lines (DO0-DO7) from the CPU. The ROY (ready) line either 
forces the CPU to a wait state while data is being transferred or 
allows the CPU to process data. 


3-7. FRONT PANEL OPERATION 

The Front Panel Operation is very similar to Memory or I/O 
section operation. The Front Panel gains control of the CPU by 
producing a HIGH BC signal. The BC signal disables the DATA IN 
(DI0-DI7) lines from a Memory or I/O Device and enables the 
FDI0-FDI7 lines. The FDI0-FDI7 lines contain Front Panel data 
which is transferred to the CPU upon the occurence of the PDBIN 
signal. All data from the CPU to the Front Panel is applied to 
the DATA OUT (DO0-DO7) lines and displayed on the Front Panel. 


3-8. SYSTEM CLOCK 

The system clock (F) for the 8800b is located on the CPU 
circuit card (Figure 3-14, zone B7). The system clock generates 
phase 1 and phase 2 outputs derived from the external crystal 
(XTAL 1). The 01 and 02 outputs operate at a frequency of 2 MHz, 
which determines the speed at which the 8080 (M) will operate. 

The 01 and 02 clock signals are presented to the bus (zone A7) 
through inverter A and inverter bus driver 0, respectively. The 
01 clock is used by memory and external I/O cards, and the 02 clock 
is applied to the 24-bit counter on the Display/Control card (Figure 
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3-16, sheet 1, zone D2) through the Interface card (Figure 3-15, 
sheet 2, zone B3). 

3-9. POWER ON CLEAR OPERATION 

Positioning the ON/OFF switch to ON causes a power on clear 
(POC) operation to be performed, resetting the 8800b circuitry. 

The POC signal is generated on the CPU card (Figure 3-14, zone A3) 
when VCC is applied. With VCC present, capacitor C4 will charge to 
the VCC potential in 100 milliseconds because of the RC time constant 
of C4 and resistor R17. The 100 millisecond delay disables (turns 
off) transistor Q3, producing a LOW POC signal to the bus (pin 99) 
through inverters S and J (zone A2). The POC signal is inverted by 
U on the Interface card (Figure 3-15, sheet 2, zone 82) and presented 
to the Oisplay/Control card as a HIGH POC signal (Figure 3-16, 
sheet 2, zone D6). The POC input is inverted LOW by T1 (zone C6) 
and applied to three circuits on the Display/Control Card. It clears 
the Ml flip-flops (zone C7) through NOR gate T1 and inverter J1 
(zone C6), insuring that single step operation is disabled. It 
presets the Ml flip-flop (zone C9) and disables NAND gate PI (zone 
88 ) to insure that the 8800b is not running. The signal (zone 
09) is also present at NOR gate R1 which inverts it HIGH to reset 
the PROM counter. The POC signal is present to the external input/ 
output (I/O) cards and memory for similar initialization operations. 
During the POC operation, two other functions are being performed. 

On the Oisplay/Control card (Figure 3-16, sheet 1, zone 02), 
a 24-bit counter is being clocked by 02 which will condition 
circuits on the Display/Control card. The Cn output (zone 01) 
from the counter is applied to the clock (CK) input of quad latches 
Cl, FI, HI, G1, N1, U1, Y1, and W1 (zones 89-81) through non-invert¬ 
ing bus driver K1 (zones A1 and 01) and inverter J1 (zone Cl). The 
Cl3 signal clears the quad latches in the following manner to insure 
all latches are conditioned after POC. The inputs to quad latches 
Cl, FI, HI, and G1 are HIGH because no switches are activated. 

After the first CTT clock, all the (T outputs are LOW and applied 
to the inputs of quad latches Nl, U1, Y1, and W1 (zones 89-81). 
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The occurrence of the next Cl 3 clock latches the Q outputs LOW 
ano tne 0 r.icin uLirir^ ^ne .^Co ooeracion, 

*jite;i J ; j. ui ; n ‘-/Xc LX'v — < rcu’ 5 anopner kc cir:0 

constant affects tne clock generator F (Figure 3 - 14 , zone 
B7). Capacitor C 2 will charge to the VCC potential in 33 micro¬ 
seconds which is the time constant of C2 and resistor RIO. The 
33 microsecond delay allows the RESET output from F (zone B7) 
to clear the 8080 M internal circuits. The 8080 remains in this 
state because the READY output (zone B7) is LOW from F. The 
READY output from F will be affected during the run operation. 

3-10. RUN OPERATION 

The Run Operation allows the 8080 on the CPU Board to start 
processing data to and from memory and external devices. The 
Run Operation is activated when the RUN/STOP switch on the 8800b 
front panel is momentarily depressed to RUN. 

The RUN/STOP circuits are located on the Display/Control 
card (Figure 3-16, sheet 2, zone A9). When the RUN/STOP switch is 
momentarily depressed, a LOW is applied to quad latch Cl, input 
D2. The occurrence of the next Cl3 clock (zone Al) causes the ^ 
output at pin 6 of Cl (zone B9) to go HIGH. This HIGH is applied 
to quad latch Nl, input D2. The next Cl3 clock causes the Q out¬ 
put at pin 2 of Nl (zone B9) to go HIGH and allows NAND gate PI to 
clear Ml (zone C9). The Q output of Ml generates a LOW RUN signal 
and LOW FRDY signal through NOR gate PI and inverter R1 (zone D9). 

The RUN signal is applied to the Interface Card (Figure 3-15, 
sheet 2, zone D2) to condition the MD input of data latch G (sheet 
3, zone A6). With MD enabled, output data from the CPU can be 
displayed on the &800b front panel if a STB input is present to 
G (discussed in Paragraph 3-40). 

The FRDY signal is applied to the Interface Card (Figure 3-15, 
sheet 2) to allow the 8080 to start processing data. The FRDY 
output is applied to pin 58 of the bus through inverter R and 
non-inverting bus driver H as a HIGH (zone Al). The HIGH on pin 
58 of the bus enables NAND gate C, pin 8, LOW on the CPU (Figure 
3-14, zone A7) which is inverted HIGI^by B (zone B7) and applied 
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to the clock generator F RYDIN input. The RYDIN signal enables 
the READY output at F HIGH (zone B7) which allows the 8080 M (zone 
A8) to start processing data. 

3-11. 8800b DATA PROCESSING OPERATION 

The 8800b data processing begins when the 8080 IC is enabled 
(Paragraph 3-10). With the 8080 IC enabled, the program (P) 
counter in the 8080 starts to increment or begins at a predeter¬ 
mined count established by the operator. The count in the P 
counter represents a location in memory which is examined by the 
CPU before the P counter increments to the next location. To 
examine each memory location, the CPU initiates an instruction 
cycle operation. Every instruction cycle consists of one, two, 
three, four, or five machine cycles. In order to perform a data 
processing operation, basic machine cycles are required. 

The Instruction Fetch Machine cycle is a basic machine cycle 
needed to allow the CPU to fetch an instruction from memory. A 
memory read machine cycle is also a basic machine cycle that 
enables the CPU to communicate with a memory or external device 
for data transfer operations. 

The following paragraphs discuss data transfers from an 
external device to the CPU, from the CPU to memory, from memory 
to the CPU, and from the CPU to an external device. However, the 
instruction fetch and memory read machine cycles used in the data 
transfers are discussed first because their operation is identical 
in all of the data transfers. It is important to note that there 
are many variations of data transfer which are dependent on the 
programmer. 

3-12. INSTRUCTION FETCH CYCLE 

The Instruction Fetch Cycle is the first machine cycle (Ml) to 
be performed by the CPU in any data transfer operation. The memory 
location specified by the P counter contains data that the CPU 
interprets as an instruction. The first cycle must be a fetch cycl 
because, during the fetch cycle, the CPU is informed as to what 
operation will be performed next. 



3-13. INSTRL'CTICN FEiCH CYCLE GPERAiION iFIc'jrq 3-2) 

The Ins“ruci:ion Fetch Cycle is inlcisceo ■.voenever 'cne P 
counter is inc'''e~antad to a rev/ re.rory a:cress ‘ 'caticn 
(e.g. 000 IOOq) where an inscruccion (e.g. OTCo) is stored. In 
order to fetch the 072,-. data fro;’’ T:e:rO''y during machine cycle one, 

O 

several signals are generated by the CPU. 

A PSYNC output from the CPU is apolied to memory -to condition 
for address decoding. Next the ADDRESS (000 lOOg), consisting of 
sixteen parallel .outputs (A0-A15) from the CPU, is presented to 
the Display/Control Card and memory. The A0 through A15 signals 
drive the appropriate address buffers, illuminating the light 
emitting diodes (LEDs) on the Display/Control Card. The ADDRESS 
and PSYNC signals present at the memory from the CPU initiate 
decoding of the memory address (000 lOOg). 

The CPU then generates three signals, SMI, SMEMR, and 01 
CLOCK to complete the Instruction Fetch Cycle. The SMI output is 
applied to the Display/Control Card through the Interface Card to 
light the Ml (machine cycle 1) LED on the SSOOb front panel. The 
SMEMR and 01 CLOCK outputs are applied to memory to allow decoding 
of the memory address (000 lOOg). With the memory address decoded, 
the 072p data present in that location is transferred to the CPU 
on the eight DATA IN (DI0-DI7) lines. The DIG 1 input to the CPU 
from the Interface Card Is enabled when the 8800b is in the run 
mode (see paragraph 3-10). This permits the memory data to be trans¬ 
ferred to the CPU. The SMEMR output is applied to the Display/ 
Control Card through the Interface Card to light the MEMR (memory 
read) LED on the 8800b front panel. This operation is performed 
when the P counter is incremented, indicating a new memory address. 


3-14. INSTRUCTION FETCH CYCLE DETAILED OPERATION 

The following paragraphs describe the Instruction Fetch Cycle 
operation in detail. Refer to Figure 3-3, Instruction Fetch Cycle 
Timing, during the explanation. The Instruction Fetch Cycle 
operation (Ml) requires four 01 and 02 clock pulses. Each clock 
period performs a particular operation as described in the follow¬ 
ing paragraphs. 
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During the latter portion of T1, several outputs are gener¬ 
ated by the CPU (M) (Figure 3-14): address data A0 through A15 
(zone B8). status data D0 through D7, and a SYNC signal (zone 
C8). The A0 through A15 data is applied to memory via the bus 
through non-inverting bus drivers, U, P, and N (zone B9) on the 
CPU. the address data (A0-A15) is also applied through inverters 
P, N, and X on the Interface card (Figure 3-15, sheet 1, zone B5) 
and presented to the Display/Control card. The A0 through A15 
signals present on the Display/Control card light the appropriate 
A0 through A15 LEDs, indicating the memory address. 

The D0 through D7 data is applied to K (zone B5) on the CPU through 
the bi-directional circuits D and E. The status data is enabled 
through D and E at this time because CS and DIEN are LOW. The SYNC 
output is applied to the clock generator F (zone B7) and memory as 
PSYNC via pin 76 (zone Dl) on the bus through the non-inverting 
bus driver V (zone D8). The PSYNC signal conditions memory to 
decode the address data. The SYNC input at F will enable a 
signal during T2. 

During the beginning of T2, a low STSTB (zone B7) is generated 
from F as a result of the HIGH SYNC input and internal timing of 
F. The STSTB is applied to the data latch K (zone B5), allowing 
the status data D0 through D7 to be stored in K. The status 
data present at the output of K conditions the memory to fetch the 
instruction (072g) from its addressed memory location (e.g. ODD lOOg) 
by enabling the following signals. 

A SMI and SMEMR HIGH output'from K'is presented on pins 44 
and 47 of the bus (zone A5) through non-inverting bus drivers X 
and R. The SMI and SMEMR signals'are efpplied'through irtverter V 
on the Interface card (Figure 3-15, sheet 2, zone B5) and presented 
to the Display/Control card as SMT and SMEMR. The SMT and SMEMR 
signals present on the Display/Control card light the Ml and MEMR 
LEDs (Figure 3-16, sheet 3, zone C3) on the front panel of the 
8800b, indicating machine cycle one is performing a memory read 
operation. The SMEMR output from the CPU (Figure 3-14, zone A5) 
is applied to memory, initiating a data transfer to the CPU during 
T3. 




Ac tne beginning of T3, the instruction (072p) data is 
C.-c.'sfv:;-: v'e::-ory to M on the CPU. The mercery data (01 ■) 
ih'ttg- Cli"} is roopnadto the CPU card (Figure 3-14, zone 31) 

.'rcm t.'.e ous. 7'9 data is presented to M .througn bi-cirectional 
cates D and E (zone C7), inverter bus drivers L and J (zone B4), 
and inverters Y and S (zone B3) by the DBIN signal. 

At the latter portion of T2 and the beginning of T3, a high 
DBIN output (zone C8) is generated by M. The DBIN output is 
applied to the DIEN inputs (zone C7) of D and E and pin 4 of NAND 
gate C (zone B4) as PDBIN. This signal enables pin 6 of NAND gate 
C LOW (DIGl is high when the front panel is not used). This allows 
data input from memory (DI0-DI7) to be enabled through inverting 
bus drivers L and J (zone B4) and applied through bi-directional 
gates D and E to M (zone C7). 

Clock period T4 of machine cycle one allows for 8080 process¬ 
ing of the received instruction data from memory. If the instruc¬ 
tion data present in the CPU requires a data transfer to or from 
an external device, a memory read cycle (M2) is initiated. 

However, if the instruction data present in the CPU requires a 
data transfer to or from memory, two memory read cycles (M2 and 
M3) are initiated. 



3-15. . MEMORY READ CYCLE 

The Memory Read Cycle (M2) follows the Instruction Fetch 
Cycle (Ml). During a Memory Read Cycle, an address is transferred 
to the CPU from memory. This address is either an external device 
number or a memory location (depending upon the instructions 
received during Ml). 


3-16. MEMORY READ CYCLE OPERATION (Figure 3-4) 

The CPU performs one or two Memory Read Cycle operations. If the 
CPU is to communicate with an external device, one Memory Read Cycle 
is required because the external device number consists of 8 data 
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Figure 3-4. Memory Read Cycle Block Diagram 


























ci cs (1 byce). However, if tne CPU is instructed to communicate 




ed because the memcry 


The cv;o Mercery Head Cycias cocain the memory address (e.g. 

000 200p) that is required by the CPU to complete the instruction. 
Since one byte (8 bits) of the two byte address is transferred 
during one Memory. Read Cycle, two cycles are required. The first 

Memory Read Cycle obtains the least significant bits (LSBs) of the 

address (200g) from memory and stores them in the CPU. The second 
cycle obtains the most significant bits (MSBs) of the address (OOOg) 
from memory and stores them in the CPU. 

The Memory Read Cycles are very similar to the Instruction 
Fetch Cycle. They require a memory address location (e.g. 000 lOlg 
and 000 102g) that indicates where the-LSBs and MSBs of the address 
(000 200g) are stored. After completion of the Instruction Fetch 

Cycle, the program counter in the CPU is incremented to 000 lOlg 

and the first Memory Read Cycle is initiated. Several signals are 
generated by the CPU in order to read the LSBs of the address (200g) 
from memory. 

A PSYNC output from the CPU is applied to memory through the 
Interface Card to condition the memory for address decoding. Next 
the ADDRESS (000 lOlg), consisting of sixteen parallel outputs (A0- 
A15) from the CPU, is presented to the Display/Control Card and 
memory. The A0.through A15 signals light the appropriate address 
light emitting diodes (LEDs) on the Display/Control Card. The 
ADDRESS and PSYNC signals present at the memory from the CPU initi¬ 
ate decoding of the address (000 lOlg). 

The CPU then generates three signals, SMEMR, PDBIN, and 01 to 
complete the Memory Read Cycle. The SMEMR, PDBIN, and 01 outputs 
are presented to memory to enable decoding of the address (000 lOlg). 
With the address decoded, the 200g data present in that location is 
transferred to the CPU on the eight DATA IN (DI0-DI7) lines. The 
DIGl input to the CPU from the Interface Card is enabled when the 
8800b is in the run mode, permitting memory data to be transferred 
to the CPU. 
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The SMEMR output is presented to the Display/Control Card through the 
Interface Card to light the MEMR (memory read) LED on the 8800b front 
panel. The second Memory Read Cycle operation is identical to the 
first. It transfers the MSBs of the address (OOOg) to the CPU. 

3-17. MEMORY READ CYCLE DETAILED OPERATION 

The following paragraphs describe the Memory Read Cycle opera¬ 
tion in detail. Refer to Figure 3-5, Memory Read Cycle Timing, dur¬ 
ing the explanation. 

The two Memory Read Cycle operations (M2 and M3) obtain the 
memory address (e.g. 000 200g) required by the CPU to complete an 
instruction. As stated previously, the LSBs of the address (200g) 
are transferred to the CPU during M2, and the MSBs of the address 
(OOOg) are transferred to the CPU during M3. There are three clock 
periods (T1-T3) required for each Memory Read Cycle operation. 

During the latter portion of Tl, several outputs are generated 
by the CPU (Figure 3-14); Address data A0 through A15 (zone B8), 
status data D0 through D7, and a SYNC signal (zone C8). The A0 
through A15 data is presented to memory and the 8800b front panel 
via the bus through non-inverting bus drivers U, P, and N (zone B9) 
on the CPU. The D0 through D7 data is applied to K (zone B5) on the 
CPU through the bi-directional circuits D and E. The status data is 
enabled through D and E at this time because C? and DIEN are LOW. 

The SYNC output is applied to the clock generator F (zone B7) and 
memory as PSYNC via pin 76 (zone Dl) on the bus through non-inverting 
bus driver V (zone D8). The PSYNC signal conditions memory to decode 
the address data. ' ' ‘ ' 

During the beginning of T2, a STSTB (zone B7) is generated (LOW) 
from F as a result of the HIGH SYNC input and internal timing of F. 

The STSTB is applied to the data latch K (zone B5), allowing the status 
data D0 through D7 to be stored in K. The status data present at the 
output of K allows the CPU to read the LSBs of the memory address 
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location (ex. 000 lOlg) by enabling the SMEMR signal. 

A SMEMR output (HIGH) from K is presented on pin 47 of 
the bus (zone A4) through non-inverting bus drivers X and R. 

The SMEMR signal is applied through inverter V on the Interface 
Card (Figure 3-15, zone B4) and presented to the Display/Control 
card as SMEMR. The SMEMR signal present on the Display/Control 
card lights the MEMR LED (Figure 3-16, zone C3) on the front panel 
of the 8800b, indicating a memory read operation is occurring. 

The SMEMR output from the CPU (Figure 3-14, zone A5) is applied to 
memory in order to initiate a data transfer to the CPU during T3. 

At the beginning of T3, the LSBs of the memory storage 
location (200g) are transferred from memory to the 8080 (M) on 
the CPU. The memory data in (DI0'through DI7) is applied to the 
CPU card (Figure 3-14, zone Bl)'from the bus. The data is presented 
to M through bi-directional gates D and E (zone C7), inverter bus 
drivers L and J (zone B4), and inverters Y and S (zone B3) by the 
PDBIN signal. 

At the latter portion of T2 and the beginning of T3, a DBIN 
output (zone C8) HIGH is generated by M. The DBIN output is 
applied to the DIEN inputs (zone C7) of D and E and pin 4 of NAND 
gate C (zone B4) as PDBIN. This signal enables pin 6 of NAND gate 
C LOW (DIG 1 is high when front panel is not used). This allows 
the data in from memory (DI0 - DI7) to be enabled through invert¬ 
ing bus drivers L and 0 (zone B4) and applied through bi-directional 
gates D and E to M (zone C7). The second Memory Read Cycle 
operation (M3) transfers the contents of memory address (000 102g) 
which contain the MSBs of the memory address number to the CPU. 

It is important to note that only one Memory Read Cycle operation .• 
is required if the CPU is to communicate with an external device. 

3-18. EXTERNAL DEVICE TO CPU DATA TRANSFER 

An External Device to CPU data transfer is accomplished when 
an input instruction (333g) is fetched from a memory location 
during Ml, and the external device number (XXXg) is read from a 
memory location during M2 by the CPU. The data from the external 
device is transferred to the CPU by an Input Read Cycle operation 
(M3). 
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iuca fv'crn an ex::arnal da/'cs. A'tar tna coi'noiat’on of ooo As-ory 
Rsad C''-'cl 9 {■''!2), tnfi oroorair! countsr is not inc'''ait9r! tsd until 
the completion of the Input Read Cycle. Several signals are 
generated by the CPU in order to obtain data from the external 
device. 

The SINP output and external device ADDRESS (XXXg) number, 
consisting of the first eight individual outputs (A0-A7) from the 
CPU, is presented to the external device input/output channel, 
thereby enabling the I/O card. With the I/O enabled, a PDBIN 
signal from the CPU allows the I/O to transfer the external 
device data to the CPU on the eight DATA IN (DI0-DI7) lines for 
storage. The DIG 1 input to the CPU from the Interface is 
enabled during the 8800b run mode and allows the external device 
data to be stored in the CPU. The SIMP and A0 through A15 
outputs are supplied to the Display/Control Card through the Inter¬ 
face Card to illuminate the INP (input) and ADDRESS LEDs on the 
8800b front panel. 

3-20. INPUT READ CYCLE DETAILED OPERATION 

The following paragraphs describe the Input Read Cycle 
operation in detail. Refer to Figure 3-7, Input Read Cycle 
Timing, during the explanation. The Input Read Cycle operation 
(M3) requires three 01 and 02 clock pulses. During each clock 
period, a specific operation is performed as described in the 
following paragraphs. 

During the latter portion of Tl, several outputs are gen¬ 
erated by the CPU (Figure 3-14); address data A0 through A15 
(zone B8), status data D0 through D7, and a SYNC signal (zone C8). 
The A0 through A15 data contains the external device number 
(A0-A7 and A8-A15 contain identical data) and is applied to the 
I/O card via the bus through non-inverting bus drivers U, P, and 
N (zone B9) on the CPU in order to enable the I/O card. The 
address data (A0-A15) is also applied through inverters P, W, and 
X on the Interface Card (Figure 3-15, sheet 1, zone B5) and 
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Figure 3-7. Input Read Cycle Tiining. 
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presented to the Display/Control card. The A0 through A15 
signals present on the Display/Control card (Figure 3-16, sheet 
3, zone A9-A4) light the appropriate A0 through A15 LEDs, indi¬ 
cating the address of the external device. (Recall that when 
addressing an I/O device, the address is repeated on the upper 
eight and lower eight address LEDs.) The D0 through D7 data is 
applied to K (Figure 3-14, zone B5) on the CPU through the bi¬ 
directional circuits D and E. The status data is enabled through 
D and E at this time because ^ and DIEN are LOW. The SYNC out¬ 
put is applied to the clock generator F (zone B7), conditioning 
F to generate a signal during T2. 

At the beginning of T2, a STSTB (zone B7) is generated LOW 
from F as a result of the HIGH SYNC input and internal timing of 
F. The STSTB is applied to the data latch K (zone B5), allowing 
the status data D0 through D7 to be stored into K. The status 
data present at the output of K conditions the I/O card to send 
data to the CPU by enabling the SINP signal. 

, A SINP output from K is presented HIGH on pin 46 of the bus 
(zone A4) through non-inverting bus driver R. The SINP signal 
is applied through inverter V on the Interface Card (Figure 3-15, 
sheet 2, zone B5) and presented to the Display/Control card as 
SINP. The SINP signal present on the Display/Control card lights 
the INP LED (Figure 3-16, sheet 3, zone C3) on the front panel 
of the 8800b, indicating data is being received from an external 
device. The SINP output from the CPU is applied to the external 
device I/O card in order to initiate a data transfer to the CPU 
'during T3. 

At the beginning of T3, the external device data is trans¬ 
ferred to M on the CPU via the bus. The external device data in 
(DI0 through DI7) is applied to the CPU card (Figure 3-14, zone 
Bl) from the bus. The data is presented to the 8080 (M) through 
bi-directional gates D and E (zone C7), inverter bus drivers L 
and J (zone B4), and inverters Y and S (zone B3) by the PDBIN 
signal. 

At the latter portion of T2 and the beginning of T3, a DBIN 
output (zone C8) HIGH is generated by M. The DBIN output is 
applied to the DIEN inputs (zone C7) of.D and E, pin 4 of NAND 
gate C (zone B4) and the bus pin 78 (zone Dl) as PDBIN. This 




signal enables pin 6 of NAND gate C LOW (DIG 1 is HIGH when tns fr 
panel is not used), allowing the data input from the I/O cerd {Oi;} 
DI7) to be enabled through inverting bus drivers L ■•riJ '.1 I'ue i-i' 
and applied through bi-directional gates 0 and E’to .’■! (zone 07). 
The data at the external device is presented on the bus by the 
occurrence of PDBIN. After the external device data is stored in 
the CPU, the P counter is incremented, thus ending the Input Read 
Cycle operation. 

3-21. CPU TO MEMORY DATA TRANSFER 

A CPU to Memory data transfer is accomplished whenever an 
instruction is encountered to perform this operation. For example 
a store accumulator STA (062g) instruction requires the accumu¬ 
lator in the CPU to transfer its contents to memory. The STA 
instruction is fetched during Ml and its storage location 
determined in memory read cycles M2 and M3. The accumulator data 
is transferred to memory by a Memory Write Cycle operation (M4). 

3-22. MEMORYmiTE CYCLE BASIC OPERATION (Figure 3-8) 

The Memory Wfite Cycle operation will allow the CPU to 
transfer data to the memory. Several signals are generated by 
the tPU in order to transfer data to the memory. 

The SWO output from the CPU is applied to the Display/Con¬ 
trol through the Interface to light the WO (write out) LED on 
the 8800b front panel. The ADDRESS (XXX XXXg) , consisting of 
fifteen individual outputs (A0-A15) from the CPU, is presented to 
the Display/Control and memory. The A0 through ATS signals light 
the appropriate address LEDs on the Display/Control. The ADDRESS 
and PSYNC signals present at the memory from the CPU can also 
initiate decoding of the memory address. With the memory con¬ 
ditioned, eight DATA OUT lines (DO0-DO7) transfer the CPU data to 
the memory for storage. The PWR and SOUT outputs from the CPU are 
applied to the Interface to produce a MWRITE signal which allows 
the memory to store the data. 




PSYNC 
g1 CLOCK 

DATA OUT(DO0-DO7) 


Figure 3-8. Memory Write Cycle Block Diagram 










































































































3-23. MEMORY WRITE CYCLE DETAILED OPERATION 


The following paragraphs describe the Memory Write Cycle 
operation in detail. Refer to Figure 3-9, Me.mory Write Cycle 
Timing, during the explanation. The Memory Write Cycle operation 
(M4) requires three 01 and 02 clock pulses. Each period performs 
a certain operation as described in the following paragraphs. 

During the latter portion of T1, several outputs are 
generated by the CPU 8080 IC (Figure 3-14); Address data A0 
through A15 (zone B8), status data D0 through D7, and a SYNC 
signal (zone C8). The A0 through A15 data contains the memory 
storage location address (ex. 000 200g) which is applied to the 
memory card via the bus through non-inverting bus drivers U, P, 
and N (zone B9) on the CPU in order to enable the memory. The 
address data (A0-A15) is also applied through inverters P, W, and 
X on the Interface Card (Figure 3-15, sheet 1, zone B5) and 
presented to the Display/Control card. The A0 through A15 signals 
present on the Display/Control card (Figure 3-16, sheet 3, zones 
A9-A5) light the appropriate A0 through A15 LEDs, indicating the 
memory location address. The 00 through D7 data is applied to K 
on the CPU (Figure 3-14, zone B5) through the bi-directional 
circuits D and E. The status data is enabled through D and E at 
this time because ^ and DIEN are LOW. The SYNC output is 
applied to the clock generator F (zone B7), conditioning F to 
generate a signal during T2. 

During the beginning of T2, a LOW STSTB (zone B7) is generated 
from F as a result of the HIGH SYNC input and internal timing of-F. 
The STSTB is applied to the data latch K (zone B5) allowing the 
status data D0 through D7 to be stored into K. The status data 
present at the output of K indicates a write output operation is 
being performed. However, the distinction of whether the data 
from the CPU is being transferred to a memory or an external 
device is determined by the status of the SOUT signal (zone A5). 


During a Memory Write Cycle, the SOUT signal is LOW and applied 
to the Interface Card (Figure 3-15, sheet 2). The SOUT signal is 
inverted HIGH by V and applied to pin 2 of NAND gate A (zone C3). 
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Figure 3“9. Memory Write Cycle Timing. 







The SWO output from K is presented on pin 97 of the bus 
(zone A4) through non-inverting bus driver X as a LOW. fhe SWO 
signal is applied through inverter M on the Interface Card 
(Figure 3-15, sheet 2, zone B6) and presented to the Display/ 
Control card as SWO. The SWO signal present on the Display/ 

Control card lights the WO LED (Figure 3-16, zone C3) on the 
front panel of the 8800b, indicating data is being transferred 
to memory from the CPU. 

At the beginning of T3, the CPU data is transferred to the 
memory via the bus. The CPU data out {DO0 through D07) is 
applied to the bus (zone Cl) through bi-directional gates D and 
E (CS and DIEN are LOW) and non-inverting bus drivers M and W 

(zones C7 and C3). The bus data is presented to memory and 

written in by the MWRITE signal. 

After the CPU data is settled on the bus and presented to 
memory, a WR signal (zone C8) is generated LOW by M. The WR 
signal is applied to pin 77 (zone Dl) of the bus through non¬ 
inverting bus driver V (zone D8) as PWR. The PWR signal is 
inverted HIGH by U on the Interface Card (Figure 3-15, sheet 2, 
zone B3) and applied to pin 1 of HAND gate A (zone C3), enabling 
pin 6 LOW (SOUT is HIGH on pin 2). The LOW at pin 6 forces the 

output of NOR gate A (zone C2) HIGH which is applied to pin 68 

of the bus through non-inverting bus driver H (zone B2) as MWRITE. 
The MWRITE signal allows the memory to store the.CPU data in the 
addressed memory location, thus completing the CPU to memory data 
transfer. 

3-24. MEMORY TO CPU DATA TRANSFER 

A Memory to CPU data transfer is accomplished whenever an 
instruction is encountered to perform this operation. For example, 
a load accumulator LDA (072g) instruction requires the specified 
addressed memory location to transfer its contents to the accumu¬ 
lator in the CPU. The LDA instruction was fetched during Ml and 
the specified memory location determined during the memory read 
cycles, M2 and M3. The memory data is transferred to the CPU by 
an additional Memory Read Cycle operation (M4). The M4 operation 




O 
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requires the CPU to output the specified addressed memory location 
to memory, allowing the data in the specified addressed memory 
location to be transferred to the CPU in an identical manner as 
M2. 

For a detailed operation description of the M2 cycle, refer 
to Paragraph 3-17. Note as you read the description that the 
specified memory address location is presented to memory on the 
fifteen individual address lines, allowing that location to 
transfer its data to the CPU. 

3-25. CPU TO EXTERNAL DEVICE DATA TRANSFER 

A CPU to External Device data transfer is accomplislied when 
an output instruction (323g) is fetched from a memory-location 
during Ml, and the external device number (XXXg) is read from a 
memory location during M2 by the CPU. The data from the CPU is 
transferred to the external-device by an Output Write Cycle 
operation (M3). 

3-26. OUTPUT WRITE CYCLE BASIC OPERATION (Figure 3-10) 

The Output Write Cycle operation will allow the CPU to 
output data to an external device. After completion of the 
Memory Read Cycle (M2), the program counter is not incremented 
until the completion of the Output Write Cycle. Several signals 
are generated by the CPU in order to transfer the data to the 
external device. 

The SOUT and PSYNC external device ADDRESS (XXXg) number, 
consisting of*sixteen individual outputs (A0-A7) from the CPU, 
is presented to the external device (I/O) to condition the I/O 
card. With the I/O conditioned, a PWR signal from the CPU allows 
the I/O to transfer the CPU data via the DATA OUT (DO0-DO7) lines 
to the external device. The SWO output from the CPU is presented 
to the Display/Control through the Interface to light the WO (write 
output) LED on the 8800b front panel. The SOUT and A0 through A15 
outputs are applied to the Display/Control through the Interface 
to light the OUT output and ADDRESS LEDs on the 8800b front panel. 
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10. Output Write Cycle Block Diagram 
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3-27. OUTPUT WRITE CYCLE DETAILED OPERATION 

The following paragraphs describe the Output Write Cycle 
operation in detail. Refer to Figure 3-11, Output Write Cycle 
Timing, during the explanation. The Output Write Cycle operation 
(M3) requires three 01 and 02 clock pulses. Each clock period 
performs a certain operation as described in the following 
paragraphs. 

During the latter portion of T1, several outputs are 
generated by the CPU 8080 IC (Figure 3-14); Address data A0 
through A15 (zone B8), status data 00 through 07, and a SYNC signal 
(zone C8). The A0 through A15 data contains the external device 
number and is applied to the I/O card vial:he bus through non¬ 
inverting bus drivers U, P, and N (zone 89) on the CPU in order 
to enable the I/O card. The address data (A0-A15) is also 
applied through inverters P, W, and X on the Interface Card 
(Figure 3-15, sheet 1, zone 85) and presented to the Display/ 
Control card. The A0 through A15 signals present on the Display/ 
/^.ontrol card light the appropriate A0 through A15 LEDs, indicating 
'“^the address of the external device. The D0, through D7 data is 
applied to K (zone 85) on the CPU through bi-directional circuits 
D and E. The status data is enabled through D and E at this time 
because CT and DIEN are LOW. The SYNC output is applied to the 
clock generator F (zone 87) which conditions F to generate a 
signal during T2. 

At the beginning of T2, a STSTB (zone 87) is generated LOW 
from F as a result of the HIGH SYNC input and internal timing of 
F. The STSTB is applied to the data latch K (zone 85), allowing 
the status data D0 through D7.to.be stored into K. The status 
data present at the output of K conditions the I/O card to receive 
data from the CPU by enabling the SOUT and SWO signals. 

A SOUT output from K is presented HIGH on pin 45 of the bus 
(zone A4) through non-inverting bus driver X. The SOUT signal is 
applied through inverter V on the Interface Card (Figure 3-15, zone 
85) and presented to NAND gate A (zone C3) and the Display/Control 
^^rd as SOUT. The SOUT signal disables NAND gate A to insure that 
a MWRITE output is not produced when writing data to an external 





Figure 3-11. Output Write Cycle Timing 












device. It is applied to the Display/Control to light the"OUT" LED 
(Figure 3-16, sheet 3, zone B3), indicating data is being trans¬ 
ferred from the CPU to an external device. The SOUT output from 
the CPU (Figure 3-14, zone A5) is applied to the external device 
I/O card in order to initiate^a data transfer from the CPU during 
T3. 

At the beginning of T3, the CPU data is transferred to the 
external device via the bus. The CPU data out (000 through D07) 
is applied to the bus (zone Cl) through bi-directional gates D and 
E (^ and DIEN are LOW) and non-inverting bus drivers M and W 
(zones C7 and C3). The bus data is presented to the external 
device and written in by the PWR signal. 

After the CPU data is settled on the bus, a WR signal (zone 
C8) is generated LOW by M. The WR signal is applied to pin 77 
(zone 01) of the bus through non-inverting bus driver V (zone 08) 
as PWR. The PWR signal allows the external device to store the 
CPU data, thus completing the CPU to external device data transfer. 


3-28. FRONT PANEL OPERATION 

A variety of functions may be performed through the operation 
of the front panel: e.g. selecting a starting location for a 
program, examining memory locations, single stepping through 
a program, depositing and displaying CPU accumulator data, and 
depositing data into a specified memory location. Each of the 
functions performed on the 8800b front panel are discussed in the 
following paragraphs. The run operation was discussed in Para¬ 
graph 3-10. 

3-29. FRONT PANEL BLOCK DIAGRAM (Figure 3-12) 

The front panel switches allow the operator to assume control 
of the CPU. The CPU is controlled by a FRDY signal which is 
generated from the front panel display control circuits. The FRDY 
signal places the CPU in either a wait condition or a run operation. 

The CPU is placed in a wait condition when the Switches and 
Decoding circuits sense that the RUN/STOP switch on the front panel 
is positioned to STOP. A STOP signal is applied to the Stop/Run 



o 


FRDY 



Figure 3-12. Front Panel Block Diagram 






Control circuits to disable (HIGH) the RUN signal. The RUN signal 
forces the CPU to a wait condition by disabling (LOW) the FRDY 
line. The CPU will not enter a wait condition until the PSYNC, 

005, and STSTB signals are presented to the Stop/Run Control circuits. 
The presence of these signals insures that the CPU will stop during 
the first machine cycle of an instruction cycle. 

The CPU is placed in a single step (SS) or slow run operation 
by the generation of an SS or SLOW signal from the Switches and 
Decoding circuits. The SS or SLOW run operation allows the CPU to 
perform one instruction cycle. The SS signal is applied to the SS 
Control circuit, enabling (LOW) the ^ signal. The ^ signal allows 
the CPU to execute one instruction cycle by enabling the FRDY signal. 
Upon the completion of the instruction cycle, the CPU attempts to 
perform another instruct!on cycle,'but the PSYNC, DOS, and STSTB 
signals reset the SS Control circuits forcing the CPU to a wait 
condition. 

3-30. STOP OPERATION 

The stop operation allows the operator to use the switches on 
the 8800b front panel. The stop operation is activated when the 
RUN/STOP switch on the 8800b front panel is momentarily depressed 
to STOP. 

The RUN/STOP circuits are located on the Display/Control card 
(Figure 3-16, sheet 2, zone A9). With the RUN/STOP switch momen¬ 
tarily depressed, a LOW is applied to quad latch Cl, input D1. The 
occurrence of the next C13 clock (zone A1) causes the ^ output at 
pin 3 of Cl (zone B9) to go HIGH which is applied.to quad latch 
N1, input Dl.* The next Cl3 clock causes the Q output at pin 7 of 
N1 (zone B9) to go HIGH which is applied to the D input of Ml. A 
HIGH present at D produces a clock pulse to set Ml, stopping the 
CPU. 

The clock pulse that sets Ml is derived from three signals: 

DOS, PSYNC, and STSTB (zone D8). The signals are enabled during 
machine cycle 1 (paragraph 3-14) of an 8800b instruction cycle, 
and their presence generates a clock to Ml (zone C9). This insures 
that the 8800b stops during the first machine cycle of an instruc- 




tion cycle. The D05 signal is generated by the CPU (Figure 3-14, 
zone Cl) and presented to pin 39 of the bus as a HIGH through the 
bi-directional gate E (zone C7) and non-invertin(| bus driver W 
(zone C3) and applied to the Interface Card (Figure 3-15, sheet ?, 
zone C2). The 005 signal is inverted by Y (zone B2) and inverted 
again by R1 on the Display/Control Card (Figure 3-16, sheet 2, zone 
08) and applied HIGH to pin 3 of NANO gate 01 (zone C8). The PSYNC 
is generated by the CPU (Figure 3-14,zone 01) on pin 76 of the bus 
as a HIGH through non-inverting bus driver V (zone 08) and applied 
to the Interface Card (Figure 3-15, sheet 2, zone A3). PSYNC is 
inverted by U (zone B3) and R1 on the Oisplay/Control Card (sheet 5, 
zone B3) and applied HIGH to pin 4 of NANO gate 01 (zone C8). 

The STSTB is generated by the CPU (Figure 3-14, zone A4) to 
pin 56 of the bus as a LOW through non-inverting bus driver R and 
applied to the Interface Card (Figure 3-15, sheet 2, zone A4). The 
STSTB is inverted and then inverted again by the Interface Card 
(sheet 2, zone A4) and applied to pin 5 of NANO gate 01 on the Oisplay/ 
Control Card (Figure 3-16, sheet 2, zone C8) as a HIGH. These signals 
allow NANO gate 01 to produce a HIGH at gate PI, pin 6 (zone C8), 
which sets Ml. The Q output of Ml goes LOW and is applied through 
K1 (zone A8) to enable all the front panel switches. The ^ output is 
also presented to gate PI which keeps a high on the CK input of Ml 
(zone C9), insuring that Ml remains set after the stop switch is 
released. 

Because Ml is set, the Q output of Ml (zone C9) is HIGH, 
disabling the RDn and FROY signals. The FROY signal is applied to 
NANO gate C on the CPU (Figure 3-14, zone A8) through the Interface 
(Figure 3-15, sheet 2, zone Al) as a LOW. This inhibits the ROYIN 
signal at F (Figure 3-14, zone B7) which disables the REAOY signal 
to M (zone A8), thereby halting the CPU. 

3-31. SINGLE STEP OPERATION 

The single step operation allows the operator to increment one 
instruction cycle at a time. The single step operation is activated 
when the SINGLE“ST£P/SLOW switch is momentarily positioned to 
SINGLE STEP. 

The SINGLE STEP circuits are located on the Display/Control 
card (Figure 3-16, sheet 1, zone A8). With the SINGLE STEP/SLOW 




switch momentarily positioned to SINGLE STEP, a LOW is presented 
to pin 1 of gate PI (zone C8). The LOW input at D1 generates a 
clock pulse which sets Ml (zone A7), producing a LOW at the Q 
output of Ml. The LOW output is applied to pin 13 of gate PI 
(zone C9), enabling the FRDY signal (zone 09). The CPU performs 
one instruction cycle with FRDY enabled. At the completion of the 
instruction cycle, the DOS, PSYNC, and STSTB input (zone D8) enable 
NAND gate T1, pin 12 (zone C6), LOW which produces a LOW at the 
output of inverter J1 (zone C6). The LOW clears the Ml flip-flop, 
thereby ending the first single step operation. Additional single 
step operations are enabled by momentarily depressing the SINGLE 
STEP/SLOW switch to SINGLE STEP. 

The DOS input is applied to pin 1 of NAND gate T1 through 
jumpers JE and-JF (zone D7). If this jumper is removed, pin 1 
of NAND gate is always HIGH. Under this condition, the PSYNC and 
STSTB signals would reset Ml after each machine cycle. 

3-32. SLOW OPERATION 

The slow operation is very similar to the single step operation 
except the slow operation allows the 8800b to execute instruction 
cycles at a very slow rate (786 milliseconds vs. 3 milliseconds 
normal operation). 

The slow circuits are located on the Display/Control card 
(Figure 3-16, sheet 2, zone A8). When the SINGLE STEP/SLOW switch 
is positioned to SLOW, a HIGH is presented to pin 9 of NAND gate 
PI (zone B7). The HIGH at pin 9 enables the C18 clock (zone D7) 
from a 24-bit counter (sheet 1, zone Dl) through NAND gate PI 
(sheet 2, zone B7). This clock enables pin. 12 of gate Dl (zone C8) 
HIGH, providing a clock pulse to set Ml (zone A7), producing a LOW 
at the Q output. Ml. The LOW output is applied to pin 13 of gate 
PI (zone C9), enabling the FRDY signal (zone D9). With FRDY 
enabled, the CPU performs one instruction cycle. At the completion 
of the instruction cycle, the DOS, PSYNC, and STSTB input (zone D8) 
enable NAND gate Tl, pin 12 (zone C6), LOW which produces a LOW at 
the output of inverter J1 (zone C6). This LOW clears the Ml flip- 
flop, ending the first single step operation. If the SINGLE STEP/ 
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SLOW switch is still |)os i r. ion.:'(i i;i) 
operation is oerformed. Otner.'/i S'}, 
JE and JF (zone C7) are re-itioved, th 


LOW, ariiitii'M' i ns tcoc t i on cyci;' 
the h i iif' riiilts. If J'.ir'iner'-, 
inachine may not stop at the 


beginning of an instrocticn cycle. 


3-33. RESET OPERATION 

The reset operation allows the operator to reset the CPU at 
anytime during machine operation. The reset is activated when the 
RESET/EXT CLR switch on the front panel is positioned to RESET. 

The reset circuits are located on the Display/Control card 
(Figure 3-16, sheet 2, zone A2). With the RESET/EXT CLR switch 
momentarily positioned to RESET, a PRESET signal (zone D3) is 
applied to the Interface (Figure 3-15, sheet 2, zone D1) as a 
HIGH. The HIGH is inverted by R and applied to pin 75 (zone A1) 
of the bus through non-inverting bus driver N (zone Bl). The CPU 
receives the PRESET signal and inverts it twice through G and B 
(Figure 3-14, zone B6). The output of B is applied to the clock 
generator F RESIN (reset in) input (zone B7), producing a RESET 
output to the 8080 (M). 


3-34. PROTECT AND UNPROTECT OPERATION 

The protect/unprotect operation either prevents any new data 
from being written into a particular region of memory (protect) 
or allows new data to be written into a particular region of 
memory (unprotect). The protect/unprotect operation is con¬ 
trolled by the positioning of the PROTECT/UNPROTECT switch on 
the front panel. 

The protect/unprotect circuits are located on the Display/ 
Control® card (Figure 3-16, sheet 2, zone Al). With the PROTECT/ 
UNPROTECT switch positioned to either PROTECT or UNPROTECT, a 
PROTECT or UNPROTECT signal (zone D3) is applied to the Interface 
as a LOW. The LOW is inverted by R (Figure 3-15, sheet 2, zone 
B6) and applied to pin 70 and 20 on the bus to condition the 
memory. These signals are used to set or reset the protect/ 
unprotect circuits on the addressed memory board. 
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3-35. PROGRAMMABLE READ ONLY MEMORY (PROM) CIRCUIT 

The PROM circuit on the Display/Control Card is used when one 
of the following operations is performed: Examine, Examine Next, 
Deposit, Deposit Next, Accumulator Display, Accumulator Load, 
Accumulator Input and Accumulator Output. Each of the functions 
requires a program operation that is stored in the PROM. Access to 
these programs is determined by the type of function to be performed. 
The PROM operation is similar for each function, therefore two func¬ 
tions are discussed in detail. 

3-36. PROM BLOCK DIAGRAM (Figure 3-13) 

The PROM circuit contains eight individual programs which are 
used in conjunction with the following switches: EXAMINE/EX NEXT, 
DEPOSIT/DEP NEXT, ACCUMULATOR DISPLAY/LOAD, and ACCUMULATOR INPUT/ 
OUTPUT. Activating any of these switches produces a specific 
binary number on the RA4, RA5, RA6, and RA7 lines (MSBs) from the 
Switches and Decoding circuit. At the same time the RA4 through 
RA7 data is generated, a RESET signal is applied to the 4-Bit 
Counter, conditioning the RA0, RAl, RA2, and RA3 outputs (LSBs) 
to zero. The RA0-RA7 signals are applied to the PROM, and they 
represent an 8-bit starting address location. There are eight 
different starting address locations which correspond to the eight 
different front panel switch settings (refer to Table 3-2). Any 
of the eight different starting address locations are always even 
because of the resetting of the 4-Bit Counter. 

The PROM circuit outputs a DATA OUT (RD0-RD7) signal, consisting 
of eight individual lines, to either the Control Latch or the non- 
inverting bus driver F. The DATA OUT is transferred to one of 
these two circuits by the status of the RA0 signal from the 4-Bit 
Counter. When the RA0 signal is LOW, representing a PROM even 
address, the Control Latch receives the data. The even addresses of 
the PROM contain data that is used to enable the Control Latch 
output lines (S1-S8). After the Control Latch receives the PROM 
data, a CLOCK signal increments the 4-Bit Counter to an odd PROM 
address location. During an odd PROM address cycle, the CPU will 
execute one machine cycle (assuming the S8 bit has been set in the 
Control Latch). If the cycle is a memory read cycle, an instruction 
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TABLE 3-2. PROM Programs 


Front Panel 
Operations 

PROM 

Address 

PROM 

DATA 

Function 

Examine 

160* 

013* 

Set S5, S7, S8 


161 

1 

303 

Jam Jump Instruction to CPU 


162 ! 

203 

Set SI, S7, S8 


163 

000 

Jam A0-A7 switch data to CPU 


164 

103 

Set S2, S7, S8 


165 

000 

Jam A8-A15 switch data to CPU 


166 

000 

Clear control latch 


167 

1 

j 

177 

Stop 

Examine Next 

260 

013 

Set S5, S7, S8 


261 

000 

Jam NOP instruction to CPU 


262 

000 

Clear control latch 


263 

177 

Stop 

Deposit 

320 

206 

Set SI, S6, S7 


321 

000 

Put A0-A7 switch data and 

MWRITE pulse on bus 


322 

000 

Clear control latch 


323 

177 

Stop 

Deposit Next 

340 

013 

Set S5, S7, S8 


- 341 

000 

Jam NOP instruction to CPU 


342 

206 

Set ST, S6,•S7 


343 

000 

Put A0-A7 switch data and 

MWRITE pulse on bus 


344 

000 

Clear control latch 


345 

177 

Stop 

Display 

060 

013 

Set S5, S7, S8 

Accumulator 

061 

323 

Output Instruction 


062 

013 

Set S5, S7, S8 


*An PROM address and data information is octal. 



TABLE 3 - 2 . PROM Proarams - Continued 


Front Panel 
Ooerations 


Accumulator 

Deposit 


PROM 

Address 

PRCM 

DATA 

063* 

377* 

064 

001 

065 

000 

066 

013 

067 

303 

070 

043 

071 

000 

072 

023 

073 

000 

074 

000 

075 

177 



220 

013 

221 

333 

222 

013 

223 

377 

224 

001 

225 

000 

226 

013 

227 

303 

230 

043 

231 

000 

232 

023 

233 

000 

234 

000 

235 

177 

300 

013 

301 

333 

302 

103 

303 

000 


■unction 


Jam front panel address to CPU 
Set S8 

Data in accumulator is 
transferred to the D0-D7 LEDs 

Set S5, S7, S8 

Jam jump instruction to CPU 

Set S3, S7, S8 

Jam A0-A7 latch data to CPU 

Set S4, S7, S8 

Jam A8-A15 latch data to CPU 

Clear control latch 

Stop 

Set S5, S7, S8 

Jam input instruction to CPU 
Set S5, S7, S8 

Jam front panel address to CPU 
Set S8 

Data in accumulator is transferred to CPU 

Set S5, S7, S8 

Jam jump instruction to CPU 

Set S3, S7, S8 

Jam A0-A7 latch data to CPU 

Set S4, S7, S8 

Jam A8-A15 latch data to CPU 

Clear control latch 

Stop 


Input from 300 013 Set S5, S7, S8 

external de- 20l 333 Jam input instruction to CPU 

vice selected 

by ADDRESS 302 103 Set S2, S7, S8 

switches A8-A15 000 Jam A8-A15 switch data to CPU 

*A11 PROM address and data information is octal. _ 







TABLE 3-2. PROM Programs - Continued 


Front Panel 
Operations 

PROM 

Address 

PROM 

DATA 

Function 

■ - - - ._. 


304* 

001* 

Set S8 


305 

000 

Data in accumulator is transferred 
to specific I/O device 


306 

* 013 

Set S5, S7, S8 


307 

303 

Jam jump instruction to CPU 


310 

043 

Set S3, S7, S8 


311 

000 

Jam A0-A7 latch data to CPU 


312 

023 

Set S4, S7, S8 


313 

000 

Jam A8-A15 latch data to CPU 


314 

000 

Clear control latch 


315 

177 

Stop 

■ 

Output from 

240 

013 

Set S5, S7, S8 

external de¬ 
vice selected 

241 

323 

Jam output instruction to CPU 

by ADDRESS 

242 

103 

Set S2, S7, S8 

switches A8- 
A15 

243 

000 

Jam A8-A15 switch data to CPU 

244 

001 

Set S8 


245 

000 1 

Data is transferred from specific 

I/O device to accumulator 


246 

013 

Set S5, S7, S8 


247 

303 

Jam jump instruction to CPU 


250 

043 

Set S3, S7, S8 


251 

000 

Jam A0-A7 latch data to CPU 

. 

252 

023 

Set S4, S7, S8 


253 

QOO 

Jam A8-A15 latch data to CPU 


254 

000 

Clear control latch 


255 

177 

Stop 

*A11 PROM address and data 

information is octal. 



• / 


f' o (, 


3-49 





byte is supplied to the'CPU.on the FDI 3 -rDI 7 lines. 

The instruction data at the odd PROM address is Lr'ans forred to 
rha ijpij thpQynp rin0 int0rf3C0 froiH fiV0 different sourcr^s. V;]? 
source is deterinined by the output control lines SI through S 5 from 
the Control Latch. 

The SI and S2 control lines enable the front panel switch data, 
A0 through A15, to the Interface. The S3 and S4 control lines 
enable the Address Latch data, A0 through A15, to the Interface. 

The S5 control line enables the DATA OUT (RD0-RD7) from the PROM 
to the Interface. 

The data present at the Interface is applied to the CPU by 
output control lines S7 and S8 from the Control Latch. The S7 
control line allows the Interface to apply the instruction data 
to the CPU, and the S8 control line enables the FRDY signal. The 
FRDY signal allows the CPU to receive the instruction data and 
execute one machine cycle. After the completion of the machine 
cycle, the PSYNC and STSTB signals from the CPU reset the SS 
Control circuit. The S6 control line is •enabled from the Control 
Latch to allow data to be deposited into memory. Upon the comple¬ 
tion of a PROM program, a HALT signal is generated by the PROM, 
disabling the CLOCK signal to the 4-Bit Counter. 


3-37. EXAMINE OPERATION 

The examine operation allows the operator to examine a memory 
location by using the ADDRESS switches on the front panel. Refer to 
Table 3-2 during the explanation. The examine operation is activated 
when the EXAM INEZ EXAMINE NEXT switch is momintarily positioned to <■ 
EXAMINE. 

The EXAMINE circuit is located on the Display/Control card 
(Figure 3-16, sheet 2, zone B7). With the EXAMINE/EXAMINE NEXT 
switch momentarily positioned to EXAMINE, a LOW is generated at 
pin 6 of inverter VI (zone B7) and a HIGH at the output of the 
remaining VI and Z1 inverters (zones B6 through B3). The LOW 
output is applied to pin 6 of gate XI which generates a HIGH to 
set LI (zone D4). The RC-CLR (LOW) and AL-STB (HIGH) outputs 
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from LI reset a 4-bit binary counter to zero (sheet 2, zone 
A9) and strobes the current address data into data latches B1 and 
T1 (zone B6). The LI latch is cleared by the ^ signal from the 
24-bit binary counter (sheet 1, zone 03). The LOWs and HIGHs 
from the inverters are presented as RA7 through RA4 inputs to the 
PROM (sheet 1, zone B9). 

The RA0 through RA7 inputs to the PROM (zone B9) represent an 
address location (160g). This location is the beginning of the 
examine program stored in the PROM. The data in address location 
160g is presented on the RDO0 through RD07 outputs (013g) and 
applied to data latch A (zone 08). After the 4-bit binary counter 
(zone B9) is LOW during the even addresses (RA0=O), and a control 
-Strobe (CS) to 0S2 (zone C8) is generated, the data present at 
latch A is stored by the A output. 

The CS strobe is produced by the 24-bit counter outputs C6, C7, 
and (zone 03). When the C6, C7, and W counter outputs are 
HIGH, NANO gate V (zone 05) is enabled LOW, and CS (zone 06) is 
applied HIGH to the 0S2 input of data latch A (zone C8). With 
0S2 and OSl enabled, the RO0 through R07 data (013g) is latched 
into A. The 013g data enables outputs S5, S7, and S8 (zone 07) 

HIGH. Output S5 is inverted LOW by A1 (zone A6), enabling inverting 
bus drivers R and S. Outputs S7 and S8 are applied to pins 3 
and 13 of NANO gates J (zone 06). With the PROM data stored in 
latch A and the associated circuits conditioned, NANO gate Z 
(zone A7) produces a clock.pulse to INP A of the 4-bit counter 
.(zone A8). .When C8 goes HIGH from the 24-bit counter (zone 03), 
the 4-bit counter, A output, goes HIGH which addresses PROM 
location 161g. 

The data in address location 161g is present on the RO0 
through R07 outputs 303g. The 303g data is transferred to the 
Interface on the FOI0-FOI7 (zone C2) outputs through enabled 
inverting bus drivers R and S (zone A6). The data is not stored 
in Latch A because the A output (zone B9) of the 4-bit counter is 
HIGH (odd address RA0=1), disabling the OSl input (zone C7). The 

A output is applied to pins 1 and 5 of NANO gates J (zone 06). 
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The FDI3 through FDI7 data oresented to the Interface Card 
(Figure 3-i5, sheet 2, zone 08) represents a jump instruction to be 


CPU, 




:annot receive this instruction and 


o CO i n oH c 

until tna FDI32 (zone 07; signal is LOW, and the CPU i 


execute 


1 L. 


released from the wait condition generated when the CPU was stopped. 
The following operation allows the CPU to receive the jump instruc¬ 
tion. 

When the C6, C7, and C8 outputs of the 24-bit counter on the 
Display/Control (Figure 3-16, sheet 1, zone 03) are HIGH, another 
CS signal (zone 06) is generated. The CS signal allows NANO gate 
J, pins 6 and 12, to produce ^ (zone 04) and F0IG2 (zone C2) 
signals. 

The SB signal is applied to pin 13 of gate 01 (sheet 2, zone 
C8) as a LOW, producing a HIGH clock pulse to set Ml (zone C7). 

The Q output of Ml is applied to pin 13 of NOR gate PI and inverter 
R1 (zone 09), allowing the FROY signal to release the CPU from its 
wait condition. 

The F0IG2 signal is applied to pin 12 of NOR gate B (Figure* 

3- 15, sheet 2, zone C7) on the Interface as a LOW which enables 
NANO gate B, pin 6, LOW (POBIN is HIGH because the CPU is in a 
wait condition). The LOW enables the non-inverting drivers F 
(zone B7), allowing the PROM data (303g) to be applied to M on the 
CPU through bi-directional gates 0 and E on the CPU (Figure 3-14, 
zone C7). Because the REAOY line to M (zone A8) is HIGH, the CPU 
inputs the 303 q data which is interpreted by the CPU as a jump 
instruction. After the completion of the machine cycle, the PSYNC 
and 005 signals (sheet 2, zone 08) are inverted by R1 and applied 
to pins 11 and. 10 of NANO gate T1 (zone 06). These signals and 
SF (zone 08) enable T1 which generates a clear to Ml (zone C7), 
halting the CPU. 

The CPU contains a jump instruction but no information as to 
where to jump. The remaining part of the examine operation allows 
the AOORESS switch data to be read into the CPU from the front 
panel in order for the CPU to jump to that address. NANO gate Z 
(sheet 1, zone A7) produces another clock pulse to INP A of the 

4- bit counter. When C8 goes HIGH and returns LOW (zone 03), the 
4-bit counter increments to an even PROM address 162g. 




The data in address location 162g is present on the RD0 
through RD7 outputs (203g) and applied to data latch A (zone D8). 
The data present at latch A is stored by the LOW A output (zone 
B9) during even addresses (RA0=O) and the generation of the CS 
strobe (C6, C7, and W HIGH). The 203g data enables outputs SI, 

S7, and S8 (zone D7) HIGH. Output SI is applied through inverters 
Y and W (zone C4) to the A0 through A7 switches (open switch HIGH, 
closed switch LOW), and the switch information is presented to 
the Interface as FDI0 through FDI7. Outputs S7 and S8 are applied 
to pins 3 and 13 of HAND gate J (zone 06) and are used to generate 
the FDIG2 and ^ signals as described in the jump instruction 
transfer. With the data presented to the Interface Card and the 
associated circuits conditioned, NANO gate (zone A7) is enabled 
(C8 HIGH), producing a clock pulse to INP A, incrementing the 4-bit 
counter (zone A8) to address 163g. 

The data in address 163g is not stored in latch A because it 
is an odd address. However, the A output (zone B9) is applied to 
pins 1 and 5 of NANO gates J (zone 06) as a HIGH, allowing the CS 
signal to produce the ^ and F0IG2 outputs. The ^ and F0IG2 
signals allow the transfer of the first eight address data bits 
(address switches A0-A7) to the CPU, and the operation is identical 
to the jump instruction. 

After the CPU receives the eight address bits, the 4-bit 
binary counter is incremented to address 164g. The data in 164g 
(01000110 - 103g) is-stored in latch A (zone 07) because it is an 
even address. The 103g data enables S2, S7, and S8 (zone 07) 

HIGH. Output S2 .is applied to inverter^A1 (zone C6), gate Z (zpne 
C5), and inverters W and U (zone C4) to the A8 through A15 address 
switches. The switch information is presented to the Interface as 
FOI0 through F0I7. Outputs S7 and $8 condition NANO gates J (zone 
06) and are used to generate ^ and F0I62 during the next address. 
With the data present to the Interface and the associated circuits 
conditioned, NANO gate Z (zone A7) is enabled (C8 HIGH), producing 
a clock pulse to INP A, incrementing the 4-bit counter (zone A8) 
to address 165g. 

Address 165g operation is the same as address 163g, allowing 
the A8 through A15 address data to be stored in the CPU. After 




the CPU receives the second byte of the address, it executes a 
juFTip to that address. Address i56g clears the data latch A (zone 
D7) and allows the CPU to address memory (Figure 3-14, zone 39). 

The memory presents the adaressea memory location data to the CPU 
via data input lines DI0 through DI7 (zone 81). The data is 
enabled through inverters Y, S, L, and J (zone 84) and non-inverters 
P, W (zone C3) to the Interface (Figure 3-15, sheet 1, zone Bl). 

The data is enabled through the G data latch (sheet 3, zone B4) to 
the Display/Control (Figure 3-16, sheet 3, zone D1) and displayed 
on the LEDs. The G latch (sheet 3, zone B4) is enabled because the 
RUN signal (zone A6) is HIGH, producing a HIGH at input MD of the 
data latch. 

While the memory data was being displayed, the 4-bit binary 
counter (Figure 3-16, sheet 1, zone A9) is incremented to address 
167 q. The data in 167g (01111111 - 177g) is applied to NAND gate 
N (zone B7), producing a HIGH at gate Z (zone B8). The HIGH at 
gate Z disables NAND gate Z (zone A8), inhibiting any following 
clock pulses to the 4-bit binary counter, thus ending the examine 
operation. 

3-38. ACCUMULATOR DISPLAY OPERATION 

The accumulator (ACC) display operation allows the operator 
to monitor the contents of the CPU accumulator. Refer to Table 
3-1, PROM Programs, during the explanation. The ACC display 
operation is activated when the ACC DISPLAY/ACC DEPOSIT switch is 
momentarily positioned to ACC DISPLAY. 

The ACC DISPLAY circuit is located on the Display/Control 
card (Figure 3-16, sheet 2, zone A5). With the ACC DISPLAY/ACC 
DEPOSIT switch momentarily positioned to ACC DISPLAY, a LOW is 
generated at pins 8 and 10 of inverter VI (zone B5), and a HIGH 
is generated at the output of the remaining VI and Z1 inverters 
(zones B7 through B3). The LOW outputs are applied to pins 6 and 
5 of gate XI which generates a HIGH to set LI (zone D4). The 
RC-CLR (LOW) and AL-STB (HIGH) outputs from LI reset a 4-bit 
binary counter to all zero's (sheet 1, zone A9) and strobe the 
address in the P counter into data latches Bl and T (zone B6). 

The P counter address data is stored because the P counter incre¬ 
ments during the accumulator display operation. The original P 






count is saved and restored in the CPU after the ACC display 
operation is complete. The LI latch is cleared by the C6 signal 
from the 24-bit binary counter (sheet 1, zone D3). The LOW and 
HIGHs from the inverters are presented as PA7 through RA4 inputs 
to the PROM (sheet 1, zone B9). An ACC DSP signal (zone 03) is 
also applied LOW to the Interface (Figure 3-15, sheet 3, zone Al), 
producing a LOW to the MD input of data latch G (zone A4). 

The RA0 through RA7 inputs to the PROM (zone B9) represent 
an address location (060g). This location is the beginning of 
the ACC display program stored in the PROM. The data in address 
location 060g is presented on the RD0 through RD7 outputs (013g) 
and applied to data latch A (zone 08). The data present at latch 
A is stored by the LOW A output (zone B9) during the even addresses 
(RA0»O) and the generation of a control strobe (CS) to DS2 (zone - 
C8). 

The CS strobe is produced by the 24-bit counter outputs C6, 

C7, and C8 (zone 03). When the C6, C7, and ^ counter outputs are 
HIGH, NANO gate V (zone 05) is enabled LOW, the CS (zone 06) is 
applied HIGH to the 0S2 input (zone C8). The RO0 through R07 data 
(013g) is latched into A with 0S2 and OSl enabled. The 013g data 
enables outputs S5, S7, and S8 (zone 07) HIGH. Output S5 is 
inverted LOW by Al (zone A6), enabling inverting bus drivers R and 
S. Outputs S7 and S8 are applied to pins 3 and 13 of NANO gates 
J (zone 06). With the PROM data stored in latch A and the asso¬ 
ciated circuits conditioned, NANO gate Z (zone A7) is enabled, 
producing a clock pulse to INP A of the 4-bit coujiter (zone A8). 

When C8 goes HIGH from the 24-bit couater (zone 03)., the 4-bit 
counter A output goes HIGH which addresses PROM location 061o- 

The data in address location 061g is present on the RO0 through 
RD7 outputs (323g). The 323g data is transferred to the Interface 
on the FDI0-FDI7 (zone C2) outputs through enabled inverting bus 
drivers R and S (zone A6). The data is not stored in latch A 
because the A output (zone B9) of the 4-bit counter is HIGH (odd 
address), disabling the DSl input (zone C7). The A output is 
applied to pins 1 and 5 of NAND gates J (zone 06). 

The FDI0 through FDI7 data presented to the Interface (Figure 
3-15, sheet 2, zone 08) represents an output instruction to be 
stored in the CPU. The CPU cannot receive this instruction and 




nr:f; it: until thn FDIG;^ (zone 1)7) si'in-il is 1.0'.’/, anrl the 0PM 
i'. r'e leased from the w<n t (.ondition <jenerated when the CPil v/as 
stopped. The follcvring operation allows the CPO to receive the 

0 a u M M L t n 1c t i 0 n . 

When the C6, C7, and C3 outputs of the 24-bit counter on the 


Display/Control (Figure 3-16, sheet 1, zone D3) are HIGH, another 
CS signal (zone D6) is generated. The CS signal allows NANO gate 
J, pins 6 and 12, to produce a FDIG2 (zone C2) and ^ (zone D4) 
signal. 

The SB signal is applied to pin 13 of gate D1 (sheet 2, zone 
C8) as a LOW which produces a HIGH clock pulse to set Ml (zone C7). 

The Q output of Ml is applied to gate PI and inverter R1 (zone 

09J, allowing the FRDY signal to release the CPU from its wait 
condition. 

The FDIG2 signal is applied to pin 12 of gate 13 (Figure 3-15, 

sheet 2, zone C7) as a LOW which enables NANO gate B, pin 6, LOW. 

The LOW allows the PROM data (323g) to be applied to M on the CPU 
through bi-directional gates D and E on the CPU (Figure 3-14, 
zone C7). Because the READY line to M (zone A8) is HIGH, the CPU 
inputs the 323g data which is interpreted as an output instruction. 
After the completion of the machine cycle, the PSYNC and 005 signals 
(Figure 3-14, sheet 2, zone 08) are inverted by R1 and applied to 
pins 11 and 10 of NANO gate T1 (zone 06). These signals and ^ 
(zone 08) enable T1 which generates a clear to Ml (zone C7), 
halting the CPU. 

. The CPU cont.ains an output instruction but no information as 
to..where to .output data. The next part of the ACC display- opera¬ 
tion allows the CPU to output data to the front panel data LEOs 
(00 through 07). NANO gate Z (sheet 1, zone A7) is enabled (C8 
HIGK), producing a clock pulse to ItiP A, incrementing 4-bit counter 
(zone A8) to address 062g. 

The data in address location 062g is present on the RO0 
through R07 outputs {013g) and stored in data latch A (zone 08) 
in the same manner as address 060g. This insures that the S5, S7, 
and S8 outputs (zone 07) are enabled as in address 060g. After 
the completion of this operation, NANO gate Z (zone A7) is enabled, 
producing a clock pulse to INP A, incrementing the 4-bit counter 
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(zone A8) to address 063g. 

The data in address location 063g is present on the RD0 
through RD7 outputs {377g) which is the I/O channel number for 
the front panel. The 377g data is transferred to the CPU in the 
same manner as the output instruction at address 061g. The 377g 
data allows the CPU to address the front panel and output the 
accumulator data to the D0 through D7 LEDs on the front panel. 

With the output instruction and front panel address number stored 
in the CPU, NAND gate Z (zone B7) is enabled, producing a clock 
pulse to INP A, incrementing the 4-bit binary counter (zone A8) 
to address 064g. 

The data in address location 064g is present to the RD0 
through RD7 outputs (OOlg) and stored in data latch A (zone D8). 

The OOlg data enables output S8 (zone D7) HIGH which is used 
during address 065g. After the data in address location 064g is 
stored in data latch A, NAND gate Z (zone 87) is enabled, producing 
a clock pulse to INP A, incrementing the 4-bit binary counter (zone 
A8) to address 065g. 

Address 065g enables the signal (zone D4) as described in 
address 061g. The CPU performs one machine cycle with SB enabled. 
During the one machine cycle, the CPU outputs address 377g on the 
A0 - A7 and A8 - A15 address lines to the bus (Figure 3-14, zone 
B9). The CPU also outputs accumulator data through bi-directional 
gates D and E (zone C7) and non-inverting bus drivers P and W 
(zone C3) to the data out (DO0-DO7) bus. The address data (377g) 
enables NAND gates L on the Interface board (Fi'gure 3-15, sheert 3, 
zone C6) LOW. The LOWs enable gate D' (zone C4) HIGH which' is' 
applied through jumper JE/JF to pin 9 of NAND gate*K* (zone B4). 
During an output instruction, the SOUT and PWR signals (zone B6) 
are generated by the CPU which enables NAND gate K (zone B4) 
output LOW. The LOW is applied through jumper JD/JC and inverted 
HIGH by gate J (zone C3) and presented to the STB input (zone B4) 
of latch G. 

The data from the CPU is presented to the Interface (sheet 1, 
zone Cl) and stored in data latch G (sheet 3, zone B4) during the 
output instruction because the STB and MD inputs are enabled. 
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The outputs of data latch G light the appropriate data LED (DD- 
D7) on the Disolay/Contro1 Panel (Figure 3-16, sheet 3, zone D?). 
After the "'achine cycle is ccrnpiete, iiALD gate Z (sheet i, zone 
37) is enabl ed, producing a clock pulse to IMP A, i ncreir.entinq the 
4-bit binary counter to address 066 q. 

The data (013g) in address location 066g is stored in data 
latch A (zone 08) and enables the S5, S7, and S8 outputs (zone 
07) HIGH. After the completion of this operation, NANO gate Z 
is enabled, and the 4-bit binary counter is incremented to address 
067g. Address 067g contains a jump instruction (303g) which is 
stored in the CPU in the same manner as the previous instructions. 
The jump instruction will force the CPU back to the original P 
counter address which was stored in data latches B1 and T (zone 
B5) at the beginning of the ACC display operation. The remainder 
of the ACC display operation will transfer the address stored 
(A0-A7) in B1 and (A8-A15) in T to the CPU. After the jump 

4 

instruction is stored in the CPU, the 4-bit binary counter is 
incremented to address C7Cg. 

The data in address location C7Cg is present on the RD0 
through RD7 outputs (C43g) and applied to data latch A (zone 08). 
The data present at latch A is stored by the A output of the 
4-bit binary counter (zone B9) being LOW during even addresses and 
the generation of the CS strobe (C6, C7, and ^ HIGH). The 043g 
data^enables outputs S3, S7, and S8 (zone 07) HIGH. Output S3 is 
applied to the 0S2 -input of data latch B1 (zone C5), presenting 
the output data (A0-A7) to the Interface as FOI0 through F0I7. 
Outputs S7 and S8 are applied to pins 3 and 13 of NANO gate J 
'(zone 06) and are used to generate the SB and F0IG2 signals as 
described in the previous instruction transfers. With the data 
present to the Interface and the associated circuits conditioned, 
NANO gate Z (zone A7) is enabled, producing a clock pulse to 
INP A, incrementing the 4-bit counter (zone A8) to address 071g. 

The data in address 071g is not stored in latch A because it 
is an odd address. However, the A output (zone B9) is applied 
to pins 1 and 5 of NANO gates J (zone 06) as a HIGH, enabling the 
CS signal to produce the ^ and F0IG2 outputs. The ^ and F0IG2 
signals allow the transfer of the first eight address data latch 
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bits to the CPU, and the operation is identical to the previous , 
instructions. 

After the CPU receives the eight address bits, the 4-bit 
binary counter increments to address 072g. The data in 072g 
(023g) is stored in latch A (zone D7) because it is an even 
address. The 023g data enables S4, S7, and S8 (zone D7) HIGH. 
Output S4 is applied to the DS2 input of data latch T (zone A6), 
presenting the output data (A8-A15) to the Interface as FDI0 
through FDI7. Outputs S7 and S8 condition NANO gates J (zone 06) 
and are used to generate W and F0IG2 during the next address 
(073g). With the data present to the Interface and the associated 
circuits conditioned, NANO gate Z (zone A7) is enabled (C8 HIGH), 
producing a clock pulse to INP A, incrementing the 4-bit counter 
(zone A8) to address 073g. 

Address 073g operation is the same as address 071 g, allowing 
the A8 through A15 address data to be stored in the CPU. Address 
074g clears the data latch A (zone 07) and allows the CPU to jump 
to the original P counter address, conditioning the CPU for normal 
operation. 

After conditioning the CPU, the 4-bit binary counter (zone A9) 
is incremented to address 075g. The data in 075g (177g) is 
applied to NANO gate N (zone B7), producing a HIGH at gate Z 
(zone B8). The HIGH at gate Z disables NANO gate Z (zone A8), 
inhibiting any following clock pulses to the 4-bit binary counter, 
thus ending the ACC display operation. 

■ 3-39. 8800b OPTIONS 

• The 8800b has several options which may be selected by the - 
operator. Two options may be used on the Oisplay/Control card, 
and three options may be used on the Interface card. 

3-40. DISPLAY/CONTROL CARD OPTIONS 

The Display/Control card options contain a choice of front 
panel slow operation clock frequencies and a choice of completing 
one instruction cycle or machine cycle in single step or slow 
operation. The normal slow operation clock frequency requires a 
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connection between jumpers JE and JF (sheet 2, zone 07) which 
allows the 8800b CPU to complete one instruction cycle before 
resuming a wait condition. However, if the operator wishes to 
execute one machine cycle after each single/step or slow operation. 


remove jumpers JE and JF which disables the 005 signal (zone 08). 


3-41. INTERFACE CARO OPTIONS 

One Interface Card option allows the operator to monitor any 
data from an external device on the 00 through 07 front panel LEOs. 
Data may be monitored from an external device if jumpers JA and 
JB are connected (Figure 3-15, sheet 3, zone C3). NANO gate K is 
enabled LOW when the 01, PDBIN, and SINP signals (zone C6) are 
present during an external device to CPU data transfer. The LOW 
is presented through JB and JA (zone C3) to gate J which produces 
a HIGH to the STB input of data latch G (zone B4). The HIGH on 
STB allows the data present on the 000-007 line (zone B6) to be 
displayed on the 00-07 LEDs on the front panel. 

The remaining Interface card options pertain to jumpers JE 
and JF (zone C4) and jumpers JD and JC (zone C3). If jumpers JE 
and JF and JC and JD are connected, only data addressed to the 
front panel (377g) is displayed. If jumpers JE and JF are removed, 
all output data from the CPW is displayed on the front panel. 


3-42. 8800b POWER SUFVLIES 

The 8800b requires a positive 8 volt, 18 ampere supply, a 
positive 18 volt, 2 ampere supply, and a -18 volt, 2 ampere 
supply (Figure 3-17). When the ON/OFF switch on the front panel 
is positioned to ON, a 110 AC voltage is applied to transformer 
T1. Two bridge rectifiers on the secondary of T1 produce the 
positive 8, 18, and negative 18 voltage supplies which are applied 
to the 8800b circuits. The positive and negative 18 volt supplies 
are pre-regulated by the Q and Q2 transistor circuits on the power 
supply board. 
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The 8800b printed circuit cards receive the supply voltages 
on the bus. Each printed circuit card contains its own voltage 
regulator circuits which produce the operating voltage for the 
particular printed circuit card. 

The CPU card (Figure 3-18) requires a regulated positive 
and negative 5 volt source and a regulated positive 12 volt 
source. These voltages are produced by VRl, VR2, and 02 circuits. 

The Interface card (Figure 3-19) requires a regulated 
positive 5 volt source which is produced by the VRl circuit. 

The Display/Control card (Figure 3-20) requires an unregu¬ 
lated positive 8 volt source, a regulated positive 5 volt source, 
and a regulated negative 9 volt source. The regulated voltages 
are produced by the VRl and VR2 circuits. 
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Figure 3-15. Interface Schematic (sheet 1 of 3) 
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Figure 3-1S. Interface Schematic (sheet 2 of 3) 
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Fiflure 3-15. 

Interface Schematic (sheet 3 of 3) 
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Figure 3-16. 

Display/Control Schemat1 
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Figure 3-16. Display/Control Schematic (sheet 1 of 3) 





































o 



o 




116) BLk. ' 


(15) 



13 0 V 

//RED 4 RED / BLK. TO PIN I 
// BLACK B WHT/BLK. TO PIN 2 


(14) 


r.T TBI 



( 12 ) 


4- TIP 140 



leo V 

IN I WHT./ BLK. 

IN 2 GREEN 
JUMP 

BLACK B OREEN/BLK. 

220 V 

IN I WHT./ BLK. 

IN 2 BLUE 
JUMP 

BLACK * BLUE/ BLK. 

260 V 

IN I WHT./ BLK. 

IN 2 RED 

JUMP 

BLACK a REO/BLACK 


TB2 


:blk 

(17) 

1 S 1 

V <l») 

: BLK 

i**L 

- 4 ): 


iflLK 

(IB) 

• 1 • 

(19) 



L . J 



AC BR06E 


AC BROOE 



Figure 3-17. Power Supply Board Schematic 
3-77/(3-78 blank) 












o 



o 




3-79/(3-80 blank) 


\2 





Figure 3-18. 


CPU Voltag^Regulator Schematic 



O 





o 



o 




VRl 


■l>5V RC« (VCC) 



+ 


C3 

3SpF 


C 4 

.IPF 


Figure 3-19. Interface Voltage Renulator Schemat 


-f-> 

I 

I SUPFfieSSOR 

AP'S 

T-.ipF 

« (22 PLACES) 





o 



o 






ank) 


3 


2 



O 


Figure 3-20. Display/Control Voltage Regulator Schematic 
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PREFACE 

Section IV is designed to aid the user in pinpointing trouble areas 
and correcting problems that may be encountered with the Altair 8800b 
computer. The text that follows contains detailed instructions that 
should help in locating and correcting most problems. However, if the 
malfunction(s) cannot be rectified, send the unit to the MITS Repair 
Department or your local Altair dealer. 

Section IV is divided into five major sections : 

4-1) Introduction to Troubleshooting which contains general proce¬ 
dures that should always be followed, and IC static level 
charts showing the proper indications for the most common 
trouble areas; 

4-2) Visual Inspection which contains procedures for locating 
problems caused by improper assembly; 

4-3) Preliminary Check which contains tests for voltages and 
waveforms; 

4-4) Non-PROM Related Switch Problems which concerns the RUN/STOP, 
SINGLE STEP/SLOW, RESET/EXTERNAL CLEAR and PROTECT/UNPROTECT 
switches; 

4-5) PROM Related Switch Problems which deals with the EXAMINE/ 
EXAMINE NEXT, DEPOSIT/DEPOSIT NEXT, ACCUMULATOR DISPLAY/ ' 
ACCUMULATOR LOAD and IN/OUT switches. 

Sections 4-3, 4-4 and 4-5 are presented in chart form, indicating the 
testing instructions, the correct indication, the incorrect indication 
and the procedures for remedying the problem. 

Before beginning the actual troubleshooting procedures, the Theory 
of Operation and Section 4-1 should be reviewed. Refer to these portions 
of the manual when necessary. 

An oscilloscope and an inexpensive multimeter will be needed to 
perform these troubleshooting procedures. The oscilloscope should be 
used to detect and measure pulses; the multimeter should be used to 
check vol'tage levels and continuity. 
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4-1. INTRODUCTION TO TROUBLESHOOTING 
A. Basic Troubleshooting Procedures 

Paragraphs 1, 2, 3 and 4 contain general instructions for testing 
ICs, diodes, transistors and bridge rectifiers, respectively. These 
procedures should be followed each time the instructions (in the tables 
that follow) specify that one of the above mentioned components be 
checked. 

1. ICs 

a. With a voltmeter (or oscilloscope), check the IC pin for 
the proper voltage level or pulse. Make sure that the volt¬ 
meter is touching only one pin at a time; if the voltmeter 
should come in contact with more than one pin, erroneous 
readings and shorts may occur. (Note: Because the entire 
system is based upon the 8080 microprocessor chip, IC M on 
the CPU board, be especially careful when checking this 
component.) If the correct voltage is not present at the 
IC: 

1. Use the schematic to trace the signal back to its 
original source, checking for proper logic operation at 
each gate. 

2. Visually inspect the area surrounding the IC for solder 
bridges or opens. 

b. Never assume that when a signal leaves its source it will 
always reach its destination. Check for continuity with an 
ohnmeter (set at XIK ohms or higher to protect the ICs from 
the ohmmeter's current). If opens in the lands are found, 
solder over them. 

c. Check for power (Vcc) and Ground at the IC. Several of the 
schematics (in the Theory of Operation section) contain 
charts indicating the Vcc and Ground pins for each IC. If 
Vcc and Ground are present, test the IC according to the 
steps below. 

1) For ICs with sockets: 

a) Turn power off and remove the IC from its socket. 

b) Bend the suspected output .pin up and reinstall the 
IC into its socket. 

c) Turn power on and check for proper logic operation. 
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NOTE 

Removing an IC pin from its socket or from the 
board may change the IC's input level. When 
checking for proper logic, refer to the truth 
tables (pages 3-5 through 3-8) associated with 

that type of gate. __ 

d) If the IC does not operate properly, replace it. If 
it does operate properly, bend the pin back and 
reinsert it into the socket. Look for a solder 
short or bridge and repair as necessary. 

2) For ICs without sockets; 

a) Turn power off and cut the suspected IC pin where it 
meets the component side of the board. 

b) Bend the pin up and turn power on. 

c) Check for proper logic operation (as shown in the 
appropriate truth table). 

d) If the IC does not operate properly, replace it. If 
it does operate properly, resolder the pin to the 
board and look for a solder short or bridge. Repair 
as necessary. 

■ NOTE 

If an IC without a supplied socket needs to be replaced, you may 
wish to install a good-quality socket with it. Because sockets 
don't have to be removed from the board in order to test the IC, 
installation of sockets will aid in future troubleshooting and 
will prevent wear and tear on the board. 

2. Diodes 

Diodes can be easily tested with an ohnmeter set at XI00 ohms. 

Turn power off and unsolder one lead from the board. To forward bias 
the diode, place the ohmmeter's positive lead on the diode's anode lead 
and the ohmmeter's negative lead on the diode's cathode lead. (The 
cathode lead is on the side marked with a bar.) The ohmmeter should 
show a LOW reading (15-300 ohms). To reverse bias the diode, transpose 
the ohmmeter's leads and check for a HIGH resistance reading (above IK 
ohms). If the diode's readings do not correspond with the readings shown 
here, the diode should be replaced. 
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3. Transistors 

Transistors can be tested with an ohnmeter set at XT00 ohms. The 
following chart shows the correct readings for transistors with at least 
two leads removed from the board. Refer to the chart on page 5-9 in the 
Assembly section of the manual for lead identification, and compare the 
transistor’s resistance to the resistance indicated in the chart below. 
Q1, Q2 and Q3 on the CPU board and Q2 on the Power Supply board are NPN- 
transistors. Q1 on the Power Supply board is a PNP transistor. 


Ohtraneter Lead Placement 

Transistor Resistance 
NPN Transistors 

PNP Transistors 

Positive lead to emitter 

Negative lead to base 

HIGH resistance 

LOW resistance 

Positive lead to base 

Negative lead to emitter 

LOW resistance 

HIGH resistance 

Positive lead to base 

Negative lead to collector 

LOW resistance 

HIGH resistance 

Positive lead to collector 
Negative lead to base 

HIGH resistance 

LOW resistance 

HIGH = 2K ohms or higher 

LOW = IK ohms or lower 


4. Bridge Rectifiers 


Unplug the chassis, remove the AC wires to TBl and refer to the 
Diode testing instructions on page 4-6 to test the bridge rectifiers. 

B. Normal Output Voltage Levels 

1. TTL Gates (7400 Series ICs) and MOS ICs: 


Condition 

Voltage 

Valid LOW 

.8v or less 

Valid HIGH 

> 

1 

> 

CM 


An output in the range of .8v - 2v indicates a problem. (Note: 

Voltages can vary +10%.) 

2. Open Collector Gates 

Open collector outputs, such as those of ICs Y, W, U, F, B and 
K on the Display/Control board, must be connected to +5v or +8v 
to operate properly. The outputs of ICs Y, W and U are tied to 
Vcc through resistors R41-R48 when the corresponding address 
8800 b switch is in the “up" position. When the switch is in the down a 
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position, the output will be disconnected from Vcc and will not 


allow signals to go through. 


Tri-State Buffers (when enabled) 


Condition 

Voltage 

Valid LOW 

.8v or lower 

Valid HIGH 

2 v or higher 


An output in the range of .8v - 2v indicates a problem. (NotetJS 
Voltages can vary +10%.) 

When disabled, tri-state buffers will have various voltages at 
their outputs. 

C. Static Levels 
1. IC Levels 

Table 4-1, starting on page 4-9, shows the proper static levels of 
the most common problem areas, assuming the computer is in a 
"stopped" state (Ml, ^EMR and WAIT). 
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Table 4-1. 

Board Schematic 

Display/Control 3-16, sheet 1 of 3 


3-16, sheet 2 of 3 


I 

iO 


o 


o 


static Levels of the Most Common Problem Areas 


IC 

G 

P 

P 

N 

A 

R 

S 

Y 
W 
U 
J 
Z 

Y 
J 
El 
A 

Cl, FI. HI. Gl. 

Nl, Ul. Yl, W1 

Y1 

Z1 

K1 

Ml 

Ml 

LI 


Pin § 

17. 18. 19, 20 

2. 8. 9. 11, 14 
12 

8 

4, 6, 8. 10, 15, 17. 
19, 21 
15. 1 
1 

1, 3, 5. 11, 9. 13 
13, 9, 11. 5, 3, 1 

1. 9. 11, 13 

8, 12 

5 
8 

4. 2 

6 

13 

9 

6, 2. 4, 12. 8, 10 

2 . 4 . 6 . 8 , 10 , 12 

13 

11 

8, 13 

3, 5 


Static Level 

HIGH 

LOW 

HIGH 

LOW 

LOW 

HIGH 

HIGH 

LOW 

LOW 

LOW 

HIGH 

C8 (see waveform #5, page 4-30) 

HIGH 

CS 

CS 

CS 

Cl 3 (see waveform #4, page 4-29) 

HIGH 

HIGH 

LOW 

LOW 

HIGH 

LOW 




Table 4-1 (continued) 


4 :^ 

I 

o 

Board Schematic IC 

LI 

R1 

Ml 

Ml 

Interface 3-15, sheet 3 of 3 G 

G 

K 

D 

J 

K 

3-15, sheet 2 of 3 B 

E 

M 

A 

A 

N 

N 

H 

CPU 3-14 C 

C 

M 

D. E 
F 



iO 

■>*4 


o 


Pin § 

1 

12 

2 

1. 3, 5 

2, 13, 14 
1. 11 

6 

10 

11 

8 

6, 2, 12, 13 
2, 4, 6, 8, 10, 12 
2 , 12 

12, 13, 6, 2 
1 , 8 
6, 10 
4, 2 

14 

6, 13 
8. 4 
23, 12 

15 

7, 2 


Static Level 

CBT (see waveform #6, page 4-30) 

HIGH 

LOW 

HIGH 

HIGH 

LOW 

HIGH 

LOW 

HIGH 

HIGH 

HIGH 

LOW 

LOW 

HIGH 

LOW 

LOW 

HIGH 

LOW 

LOW 

HIGH 

LOW 

HIGH 

HIGH 



o 


Q 





2. Mother Board Static Levels 

Table 4-2 shows the proper static levels of the mother board, 
assuming the computer is in a "stopped" state (Ml, MEMR and 
WAIT). Note that the levels on the pins of the 8080a (IC M 
on the CPU board) are reflected on the mother board as well 
as the front panel LEDs. For example: 

A HIGH level on pin 24 (WAIT) of IC M on the CPU board 
causes bus pin 27 to go HIGH, which in turn causes the WAIT 
light on the front panel to light. 

HIGH pulses on pin 27 (address line A2) of IC M on the CPU 
board produce pulses on bus pin 81, which cause A2 on the front 


panel to light (dimly). 




Table 4-2. Mother 

Board Static 

Levels 


Bus # 

Symbol 

Name 


Static Level 


1 

+8v 

16 volts 




2 

+18v 

-+18 volts 




3 

XRDY 

EXTERNAL READY 


HIGH 


4 

VIO 

VECTORED INTERRUPT 

LINE #0 

LOW 


5 

VII 

VECTORED INTERRUPT 

LINE #1 

LOW 


6 

VI2 

VECTORED INTERRUPT 

LINE #2 

LOW 


7 

VI3 

VECTORED INTERRUPT 

LINE #3 

LOW 


8 

VI4 

VECTORED INTERRUPT 

LINE #4 

LOW 


9 

VIS 

VECTORED INTERRUPT 

LINE #5 

LOW 


10 

VI6 

VECTORED INTERRUPT 

LINE #6 

LOW 


11 

VI7 

VECTORED INTERRUPT 

LINE #7 

LOW 



XRDY2 

Extra READY Line 


HIGH 


13-17 

Not Used 





18 

$TA DSB 

status DISABLE 


HIGH ' 


19 

C/C DSB 

COMMAND/CONTROL DISABLE 

HIGH - 


20** 

UNPROT 

UNPROTECT 


LOW 


21** 

SS 

SINGLE STEP 


. LOW 


22 

ADD DSB 

ADDRESS DISABLE 


HIGH 


23 

DO DSB 

DATA OUT DISABLE 


HIGH 


24 

02 

PHASE 2 CLOCK 


See waveforms 

2 and 





3, page 4-26 


25 

01 

PHASE 1 CLOCK 


See waveforms 

2 and 
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Bus # 

Symbol 

Name 

Static Level 

26 

PHLDA 

HOLD ACKNOWLEDGE 

LOW 

27 

PWAIT 

WAIT 

HIGH '' 

28 

PINTE 

INTERRUPT ENABLE 

LOW 

29 

A5 

ADDRESS LINE #5 


30 

A4 

ADDRESS LINE #4 


31 

A3 

. ADDRESS LINE #3 


32 

A15 

' address line #15 


33 

A12 

ADDRESS LINE #12 


34 

A9 

: ADDRESS LINE #9 


35 

DOl 

: DATA OUT LINE #1 


36 

- DOO 

;,DATA OUT LINE #0 


37 

AlO 

ADDRESS LINE #10 


38 

004 

DATA OUT LINE #4 


39 

DOS 

DATA OUT LINE #5 


40 

006 

DATA OUT LINE #6 


41 

DI2 

' DATA IN LINE #2 


42 

DI3 

• DATA IN LINE #3 


43 

DI7 

DATA IN LINE #7 

• 

44 

SMI 

Ml (Instruction Fetch Cycle) 

HIGH 

45 

SOUT 

OUT (Output Write) 

LOW 

46 

SINP 

INP (Input Read) 

LOW 

47 

SM^R 

MEMR (Memory Read) 

HIGH 

48 

SHLTA 

HLTA (Halt Acknowledge) 

LOW V 

49 

CLOCK 

CLOCK 

See Waveforms 2 
and 3, page 4-28 

50 

GND 

GROUND 


51 

+8v 

+8 volts 


52 

-18v 

-18 volts 


53** 

SSW DSB 

SENSE SWITCH DISABLE 

HIGH 



54 

EXT CLR 


H 

RTC 

A. 


STSTB 



DIGl 

'V 

■] 


FRDY 


59-67 

Not Used 


68 

MWRT 


69 

PS 
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REAL TIME CLOCK 
STATUS STROBE 
DIGITAL #1 


Front Panel READY 


HIGH 

HIGH 

HIGH 

LOW 


MEMORY WRITE 
PROTECT STATUS 


LOW 

HIGH 
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Bus # 

Symbol 

Name 

Stati 

70** 

PROT 

PROTECT 

LOW 

71** 

RUN 

RUN 

LOW 

72 

PRDY 

REAOY 

HIGH 

73 

PINT 

INTERRUPT REQUEST 

HIGH 

74 

TOT 

HOLO 

HIGH 

75 

PRESET 

RESET 

HIGH 

76 

psVnc 

SYNC 

LOW 

77 

PWR 

WRITE 

HIGH 

78 

PDBIN 

OATA BUS IN 

HIGH 

79 

AO 

^"ADORESS LINE #0 


80 

A1 

AOORESS LINE #1 


81 

A2 

AOORESS LINE #2 


82 

A6 

AOORESS LINE #6 


83 

A7 

AOORESS LINE #7 


84 

A8 

AOORESS LINE #8 

i 

85 

A13 

AOORESS LINE #13 


86 

A14 

AOORESS LINE #14 


87 

All 

AOORESS LINE #11 


88 

D02 

OATA OUT LINE #2 


. 89 

003 

OATA OUT LINE #3 


90 

007 

OATA OUT LINE #7 

- 

91 

014 

OATA IN LINE #4 

- 

92 

015 

OATA IN LINE #5 


93 

016 

OATA IN LINE #6 


94 

on 

OATA INLINE fl ■; 


95 

010 

OATA IN LINE .#0 


96 

SINTA 

INTA (Interrupt Request Acknowledge) LOW 

i> 

OT 

W (Write Operation) 

HIGH 

98 

SSTACK 

STACK 

LOW 

99 

pSc 

POWER ON CLEAR 

. HIGH 

100 

GNO 

GROUNO 


* = Not 

used in 8800a system. 


** = Not used in 8800b Turnkey syster® 



Note: If a static level is not indicated, the signal can be either 
HIGH or LOW. 


On • 




1 
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4-2. VISUAL INSPECTION 
A. Component Inspection 

The first step in troubleshooting is to carefully examine each 
board for solder bridges, open lands, misplaced components, etc. A 
thorough inspection of this kind will eliminate one possibility for 
errors and will allow troubleshooting efforts to be concentrated else¬ 
where. Carefully check each board using the list below: 

1. Look for solder bridges. 

2. Look for leads that have not been soldered. 

3. Look for cold solder connections (cold solder connections do 
not have a "shiny" appearance). 

4. Examine the board's lands for "hairline opens" or bridges." 

5. Check the ICs for proper pin placement and good socket connec¬ 
tions. 

6. Examine the electrolytic and tantalum capacitors for proper 
polarity. 

7. Examine the diodes for proper polarity. 

8. Examine the LEDs for proper polarity. 

9. Check the color codes on all resistors. 


B. Wiring ] 

tnspection 


The computer should 

CAUTION 

be unplugged for this check. 


T. Referring to Figure 5-50 on page 5-58 in the Assembly section of 
the manual, check for incorrect wiring on the mother board. 

2. With an ohmmeter, check the power supply wiring on the terminal 
block (TBl). Check for resistance (about 100 ohms) between pins 
2 and 7, 10 and 7, 1 and 7, 2 and 10, 2 and 1 and 1 and 10. If 
a reading of less than 10 ohms appears, recheck the wiring. 

Also check continuity from mother board bus pins 1, 2, 52 and 50 
to corresponding terminal block pins 2, 10, 1 and 7. If a read¬ 
ing of more than 100 ohms appears, inspect the wiring from the 
mother board to TBl. 
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4-3. PRELIMINARY CHECK 

The procedures outlined in Section 4-3 are general tests that should 
be made before going on to the specific problems presented in Sections 
4-4 and 4-5. Follow the instructions in the order in which they are 
given, and always complete each step before going on to the next. 

1. Before installing the boards and applying power to the computer, 
use an ohiraneter to check the resistance of the edge connectors on 
the mother board. Test the consecutively numbered pins down each 
row (1, 2, 3 . . . etc.), then cross check the pins (1-51, 2-52 . . . 
etc.). A LOW resistance reading should appear at pins 1, 50, 51 and 
100. If a LOW reading appears at any other location, examine the 
back of the board for solder bridges or etching errors. 

2. Turn the computer on and check for the following voltages on the 
Power Supply board's terminal block (TBl). See page 5-58 in the 
Assembly section of the manual for pin locations. 


Pin # 

Voltage . 

2, 3, 4 

+8v to +10v (unregulated) 

10 

+16v to +18v (pre-regulated) 

1 

-16v to -18v (pre-regulated) 

7, 8 

Ground 


WARNING 


When testing components on the Power Supply board, be extremely 
careful not to touch the AC wiring. Always unplug the chassis 
when testing continuity or replacing components. 
a. If the +8 voltage is absent from pins 2, 3 or 4 of TBl , check 
for AC at pins 1 and 2 of TB2. If absent, unplug the chassis 
and check continuity and wiring at connector P4. Also check the 
fuse and the wiring to the AC cord. Plug in the chassis. If AC 
is present at pins 1 and 2 of TB2, check the wiring from TB2 .to 
BRl and from BRl to TBl. If AC is present at BRl, but no output 
voltage appears across the "+" and pins of BRl, BRl is 
probably defective and should be replaced. 
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b. 


If the correct voltage does not appear at pfn 10 or pin 1 of TB1 . 
check the voltage at the base of transistor Q2 (for pin 10) and 
Q1 (for pin 1). If the reading is 27 volts, the transistor or 
diode may have shorted out. Test these components according to. 
the instructions on pages 4-6 and 4-7. 

Check for AC at TBl pins 6 and 5. If absent, unplug the chassis 
and check the wiring from connector P4 to the AC cord. If AC is 
present at TBl, check for AC at BR2. If AC is absent at BR2, 
check the wiring to BR2. If AC is present at BR2, remove the 
"+" pin from the board and check for voltage across the "+" and 
pins. If voltage is not present, replace BR2. 
c. If Ground does not appear at pins 7 and 8 of TBl , check the 

wiring from TBl to the cross member and from the AC cable to the 
cross member. 

3. If the fuse on the back panel blows: 

a. Check for solder bridges on the Power Supply board or the mother 
board. 

b. Check for proper orientation of BR2 on the Power Supply board 
and BRl on the back panel. 

c. Check wiring on: 

1) voltage wires on the mother board 

2) front panel switch 

3) AC power cord 

4) Ground to +8v line 

d. Check for pinched wires and incorrectly installed components. 

4. Turn power off , and install the CPU and Interface boards. 

WARNING 

Always turn power off when removing or installing plug-in boards 

or when connecting or disconnecting the Pi splay/Control board. 

Failure to turn power off may cause damage to the board and the 

computer. Note that capacitor C7 (on the cross member) will 

retain a +8v charge for a few minutes after power has been turned 

off. _ 

Connect the Interface board cables (PI and P2) to the front panel 

and connect P3 from the CPU board to the Interface board. Turn 

power on. The computer should be automatically reset and in a 

stopped state. ssoob 
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If there are no memory boards in the computer at address 0, the 
front panel LEDs should appear as follows: 


LED 

Condition 

A0-A15 

OFF 

Ml, MEMR, WAIT 

ON 

D0-D7 

ON 


If a memory board is present at address 0, the D0-D7 LEDs will show 
the random pattern for that board. 
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Table 4-3. Voltage and Waveform Check 


Note: The following checks should be made with the CPU» Interface and Display/Control boards Installed and with power 
turned on (unless otherv/lse specified) Voltages may vary +10%. 

Step Instructions If Correct ^ If Incorrect 

1 Check the 7805 voltage regulators Both regulators should read If voltage Is Incorrect, refer to schematics 3-18 
on the CPU and Interface boards. +5v at pin 2. The figure and 3-19. Check pin 3 for Ground. If absent, 

below shows the correct pin trace continuity back to bus pin 100 or 50. Pin 
locations for all voltage 1 Is the unregulated output—at least 8v. If 
regulators. absent, trace continuity back to bus pins 1 and 

51. If Ground and sufficient unregulated voltage 
are present at these pins, check pin 2 of the 
voltage regulator for +5v. If voltage is absent, 
turn power off and remove voltage regulator pin 
132 2 from the board. Turn power on and recheck for 

+5v. If the voltage Is still below +5v, the 
voltage regulator Is defective and should be 
replaced. If voltage Is correct, look for a short 
on the board. With power off, resolder pin 2 to 
the board. 

2 Check the 7812 voltage regulator It should read +12v at pin If voltage Is Incorrect, refer to schematic 3-18 

on the CPU board. 2. Proceed to Step 3. and check pin 3 for Ground. If absent, trace 

continuity to bus pin 100 or 50. Pin 1 Is the 
unregulated output—at least 16v. If voltage Is 
absent, trace continuity back to bus pin 2. If 
Ground and sufficient unregulated voltage are 
present, check pin 2 of the voltage regulator for 
a +12v signal. If absent, turn power off and dis¬ 
connect voltage regulator pin 2 from the board. 



o 


o 



Instructions 



Check the anode lead of diode It should read -5v. Proceed 

D2 on the CPU board. to Step 4. 


Check pin 2 of VR2 on the 
Oisplay/Control board. 


It should read -9v. Proceed 
to Step 5. 


o 


If Incorrect 

Turn power on and check again for the ^12v signal. 
If the voltage Is below llv» the voltage regulator 
should be replaced. If the voltage Is correct* 
look for a short on the board. Resolder pin 2 to 
the board. 

If the voltage is Incorrect, check D2 for proper 
polarity. Check for -18v on capacitor Cl3 (nega¬ 
tive side) on the CPU board. If absent* trace 
continuity to bus pin 52. 

Turn power off and check diode D2 according to 
the instructions on page 4-6. Replace, If neces¬ 
sary. With an ohmmeter set at XlOK or higher, 
check the resistance from the negative side of Cll 
to Ground. A reading of zero ohms Indicates a 
short on the board. Resolder the anode lead of 
02 to the board. 

If the voltage Is Incorrect, check for -18v on 
pin 3 of the voltage regulator. If absent, trace 
continuity back to bus pin 2. Check for the cor¬ 
rect part number on VR2, 01, 02 and R20. Turn 
power off and remove the anode lead of diodes 01 
and 02 from the board. Check both diodes accord¬ 
ing to the Instructions on page 4-6. If the read¬ 
ings are Incorrect, replace 01 and/or 02. Remove 
pin 2 of VR2 from the board. Turn power on and 
check for a -9v reading at VR2. If Incorrect, 
replace VR2. If correct, look for a short on the 
board. Resolder the output pin to the board. 



4 ^ Step Instructions If Correct 

ro 5 On the CPU board, check the vol- Pin 20 should read +5v. Pin 

o 

tage on IC M pins 20, 11 and 28. 11 should read -5v. Pin 28 

Be careful not to touch more should read +12v. Proceed 

than one pin at a time. to Step 6. 

6 On bus pins 24 and 25, check for If present, proceed to Step 

proper 02 and 01 waveforms (see 7. 
waveforms 2 and 3, page 4-28). 

On the CPU board, check for 02 
and 01 on corresponding pins, 

22 and 15 of IC M. (See wave¬ 
form ilfl, page 4-27.) 


7 On bus pin 99, check for a HIGH If present, proceed to 

FdC level. This signal Is usu- Step 8. 
ally a 4 VDC level with a small 
amount of AC ripple voltage. 



iO 

^>4 




o 


If Incorrect 

If Incorrect, use an ohmrneter set at X10K or 
higher to trace continuity back to the CPU board's 
voltage regulators. If opens are found, solder 
over them. 

If 02 and 01 waveforms are absent on the bus pins, 
trace logic through ICs J and A on the CPU board. 

If 02 or 01 Is present at the Inputs of IC J or 
IC A, but absent at the outputs, check the IC 
according to the Instructions on page 4-5. If 
there Is no 01 or 02 signal at IC A (pin 14 or 7), 
trace continuity to pins 10 and 11 of IC F. (Note: 
01 and 02 are 12v In amplitude at pins 10 and 11.) 
If signals are absent at pins 10 and 11, check for 
+12v at pin 9 of IC F. If absent, trace continuity 
to VR2 pin 2 on the CPU board. Check for an 18 
MHz signal at pins 14 and 15 of IC F. If absent, 
check IC F according to the Instructions on page 
4-5, and replace If necessary. 

Visually Inspect transistors Q1, Q2 and Q3 and 
diode 01 on the CPU board for proper Installment. 
Check the base of Q1 for a 1v level. If absent, 
check D1 according to the Instructions on page 
4-6. Replace If necessary. 

Q1 should be active, causing a Ov level to appear 
at the base of Q2. If this Ov level Is absent, 
check Q1 according to the Instructions on page 
4-6. Q2 should cause a 5v signal to appear at 


o 
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step Instructions If Correct 


8 Pin 13 (HOLD) of’ IC M on the CPU Proceed to Step 9. 

board should be LOW. 


9 On the Olsplay/Control board If present, proceed to 

check for (J2 at pin 10 of IC L. Step 10. 

If 02 Is absent, the entire 
front panel will not operate. 


45 ^ 

I 

ro 


o 


If Incorrec t 

the base of Q3. If the 5v signal Is absent, check 
Q2 according to the Instructions on page 4-6. Then 
turn power off, and wait a moment for C4 to dis¬ 
charge. Remove one of the leads of C4 from the 

board, and measure C4's resistance with an ohm- 
meter. (Note: The ohmmeter needle may fluctuate 
slightly.) If the reading Is lower than 10 ohms, 
replace C4. If C4 Is working properly, reinstall 
C4 and check continuity from the base of Q3 to Vcc. 
Repair as necessary. The Q3 emitter should be 
above 2v. If not, check Q3 according to the In¬ 
structions on page 4-7. Trace this HIGH level 
through ICs S and J on the CPU board to bus pin 

99. If ICs S and J do not Invert the signal, test 

the ICs according to the Instructions on page 4-5. 
If a LOW Is not present at IC M pin 13, check IC 
G on the CPU board according to the Instructions 
on page 4-5. Check for Vcc at resistors R23 and 
R40. If absent, check continuity and repair as 
necessary. Bus pin 74 should be HIGH. If not, 
look for a short on the mother board. 

If 02 Is absent at IC L pin 10, trace continuity 
and logic from IC SI on the Display/Control board 
through IC T on the Interface board to bus pin 24. 
Any Inverter having a 02 Input, but no 02 output. 
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I nstructions 

(Note: If you received your 8800b 
computer before January, 1977, an 
extra capacitor, XZ* i'or the 
Display/Control board was included 
in the installation instructions. 
This capacitor is not needed and 
should be removed. ) 

On the Display/Control board, 
check for a CT3 signal (see wave¬ 
form #4, page 4-29) at pin 9 of 
ICs Cl, Nl. FI, Ul, HI, Yl, G1 
and Wl. (Note: If no switches 
are pressed, R54-R65 should pro¬ 
duce a signal of approximately 
4v at the input pins of these ICs.) 


If Correct 


If present, proceed to 
Step 11. 


11 Check for a HIGH POC level at If present, proceed to 

ICs Ml pin 4, PI pin 2, T1 pin Step 12. 

5 and 2 pin 13 on the Display/ 

Control board. 


o 


o 


If Incorrect 

should be checked according to the instructions 
on page 4-5. If the IC(s) are functioning pro¬ 
perly, look for a short and repair as necessary. 


If absent, trace the CTT signal through ICs Kl, 

Jl, El and SI to IC X pin 9 on the Display/Control 
board. If any of these ICs have a C13 input, but 
no Cl3 output, they should be checked according to 
the Instructions on page 4-5. If IC X pin 9 has 
no C13 signal, check for a square wave (approxi¬ 
mately .1 ms. wide) at pin 10 of IC X. If present, 
check IC X according to the instructions on page 
4-5. If a square wave is not present at pin 10 
of IC X, check IC L. If a square wave is not 
present at pin 1 of IC L when it is removed from 
the board, replace IC L. 

If a LOW appears at any of the pins, trace POC 
from the suspected pin to pin 6 of IC Jl on the 
Display/Control board. If POC is absent at pin 6, 
check IC Jl according to the instructions on page 
4-5. 

Check the Vcc connection at R42. If Vcc is absent, 
check continuity to VRl pin 2 on the Display/ 
Control board. Check the logic operation of the 


o 








o 



iO 



If Correct 


12 On the Display/Control board. If present, proceed to 

check for a LOW at pin 13 of IC Step 13. 

Kl. (Note: If the computer Is 
running, pin 13 will be HIGH and 
only the RUN/STOP or RESET/EXT 
CLR switches will work.) 

13 On the Display/Control board. If the proper CS signal is 

check for a CS signal (see present, proceed to Step 14. 

waveform #5. page 4~30) at pin 

13 of IC A. 


I 

ro 

Ca> 


o 

If Incorrect 

ICs from J1 through U on the Interface board to 
bus pin 99. Check and replace the ICs if neces¬ 
sary. 

If the computer is not in a run state and a LOW 
is not present at pin 13. trace logic from IC Kl 
to a LOW at IC Ml pm 6. Check any suspected ICs 
according to the Instructions on page 4-5. If 
lifting the STOP switch does not stop the computer, 
continue with the remaining steps in this chart 
and onto Section 4-4. 

If the CS signal does not match waveform #5, 
examine IC V pins 1. 2 and 13 on the Display/ 

Control board. Pin 1 should be a 64 (isec. pulse 
width square wave; pin 2 a 32 ysec. pulse width 
square wave; and pin 13 a 16 psec. pulse width 
square wave. If all of these signals are present, 
check ICs V and El according to the instructions 
on page 4-5. 

If any of the signals are absent from pins 1. 2 
and 13 of IC Y. trace the signal back through ICs 
El and SI to IC L. Any ICs that have input signals 
but no output signals should be checked according 
to the instructions on page 4-5, If all of the 
ICs are operating properly, check for the corres¬ 
ponding square waves at pins 2, 4 and 13 of IC L. 

If absent, check IC L according to the instructions 
on page 4-5. 
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Step Instructions If Correct 

14 On the Oisplay/Control board. If present, proceed to 

check pin 1 of IC LI for a C6 Step 15. 

signal (see wavefonn iHb, page 
4-30). 

15 On the Display/Control board. If present, proceed to 

check pin 5 of IC Z for a C8 Step 16. 

signal (see wavefonn #5, page 
4-30). 


16 On the Display/Control board. If IC G Is labelled B D/C 

examine the PROM, IC G. It and If the voltage levels 

should be labelled B D/C. If are correct, proceed to 

It Is not labelled B D/C, con- Step 17. 

tact the HITS Marketing Dept, 
or your local Altair dealer. 

Check for Ground at pin 14; 
for +5v at pins 12, 13, 15, 

22 and 23; and for -9v at pins 
24 and 16 (of IC G). 

17 Wlien the RESET switch is held. If the correct LEDs are lit, 

all address lights and data proceed to Section 4-4 (If 

lights should be lit. All problems exist with the RUN/ 

status lights except WO should STOP. SINGLE STEP/SLOW or 

be lit If PRESET on the CPU PROTECT/UNPROTECT switches), 

board Is connected to pin 14 of Then proceed to Section 4-5 


Q 


o 


If Incorrect 

If absent or Incorrect, check the logic operation 
from IC SI to pin 2 of IC L. Check for a 16 psec. 
square wave pulse at pin 2 of IC L. If absent, 
check the IC according to the Instructions on page 
4-5. 

If absent, trace logic through ICs El and SI to. 
pin 13 of IC L on the Display/Control board. If 
El or SI has an Input signal but no output signal, 
check that IC according to the Instructions on 
page 4-5. If an output Is not present at IC L pin 
13, check IC L. 

If the +5v signal Is absent, use an ohmmeter set 
at XIK or higher to trace continuity to VRl pin 2. 
(Note: If another computer with a PROM board Is 
available, the data In the suspected PROM can be 
checked by Installing It in the other computer's 
PROM board and examining Its output with Table 
3-2 In the Theory of Operation section.) If the 
-9v signal Is absent, use the ohmmeter to trace 
continuity to VR2 pin 2. 

If pin 2 of IC F on the CPU board does not go LOW 
with RESET, a problem exists In the RESET cir¬ 
cuitry; proceed to Section 4-4. When the RESET 
switch Is pressed and pin 2 goes LOW, pin 1 of 
IC F should go HIGH. If not, check IC F according 
to the instructions on page 4-5. A HIGH at pin 1 


o 
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step Instructions If Correct 

IC K. (Note: If the pins of if problems exist with the 

IC N on the CPU board are HIGH* EXAMINE/EXAMINE NEXT, 

the corresponding LEDs on the DEPOSIT/DEPOSIT NEXT, 
front panel should be lit.) ACCUMULATOR DISPLAY/ 

ACCUMULATOR LOAD, or IN/ 
OUT switches. 


o 


If Incorrect 

of IC F should cause a HIGH at pin 12 of IC M. 

If not, check continuity and repair as necessary. 
If any of the address lights or data lights are 
not lit when the RESET switch is held, the pro¬ 
blem may be due to shorts or defective LEDs. 

RESET should cause all data lines (D0-D7) and 
address lines (A0-A15) from IC M on the CPU board 
to go HIGH. If any of these lines fail to go HIGH 
when pin 12 of IC M is HIGH, check for shorts and 
repair as necessary. If any of the address or 
data lights are unlit when RESET is lifted, start 
at the corresponding pin of IC M on the CPU board 
and trace the levels through the Interface board 
to the Display/Control board. The address lights 
correspond to A0-A15 (IC M pins 25, 26, 27, 1, 29- 
40) and the data lights correspond to D0-D7 (IC M 
pins 3-10). 

To trace the data lines (D0-D7), pins 1 and 15 of 
both ICs D and E on the CPU board should be LOW. 

If pin 1 is not LOW, trace continuity to pin 3 of 
VRl. If pin 15 is not LOW, trace logic to a LOW 
at pin 17 of IC M on the CPU board. If pin 17 is 
not LOW, check IC M according to the instructions 
on page 4-20, step 6. If the inputs of ICs D and 
E do not match the outputs, D and E should be 
checked according to the instructions on page 4-5, 
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Instructions 


If Correct 


Step 


If Incorrect 

Trace the logic levels of ICs Y and P to IC G on 
the Interface board. Pins 2 , 13 and 14 of IC 6 
should be HIGH to allow data to pass through. 

Check any suspected ICs according to the instruc¬ 
tions on page 4-5. 

Refer to schematic 3-16 (sheet 3 of 3), and check 
the anode lead of the suspected LED for +8v. If 
the voltage is absent, trace continuity to bus 
pin 1. Repair as necessary. 

A LOW (less than .8v) output from open collector 
ICs H, K, M, D, B or F on the Oisplay/Control 
board should produce a voltage of approximately 
5v at the cathode lead of the corresponding LED. 

If this voltage is absent, check for shorts. 

Check for Ycc and Ground to the open collector 
IC. If absent, check continuity. If Vcc and 
Ground are present, check the LED before replacing 
the IC. A lower voltage (5v) should cause the LED 
to light; if the LED remains unlit, turn power off 
and unsolder the LED. Refer to Figure 5-23 on 
page 5-34 for orientation and Install the LED in 
place of a working (lit) LED. If the LEO does not 
light when power is returned and the RESET switch 
Is lifted, the LED is defective and should be 
replaced. 


o 


o 


o 



Waveform #1 shows the clock inputs to the 8080A microprocessor 
chip itseXf« 


01 CLOCK 














Waveforms 2 and 3 show 01 and 02 signals on the bus. 


01 CLOCK 


2V/CM 


02 CLOCK 
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01 CLOCK 


* 2V/CM 


02 CLOCK 
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Waveform #4 shows the Cl3 waveform on the D/C board for all 
conditions. 



500 hs/GM 
Wave form #4 


c 
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20^ S/CM 
Waveform #5 

Waveform #6 shows the waveform on the D/C board for all 


conditions. 
















4-4. NON-PROM RELATED SWITCH PROBLEMS 

Section 4-4 contains tests for the RESET, STOP, RUN, SINGLE STEP/ 
SLOW. PROTECT/UNPROTECT, SENSE and STATUS circuitry. If problems 
involving the PROM related switches also exist, solve the non-PROM 
related switch problems first. 
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Table 4-4. Reset Check 


Problem 

Description: 


During proper operation, lifting the RESET switch should cause all data and address lights to go HIGH whether 
the computer is running or not. If this does not occur, follow the steps below. 


Step 

1 


Instructions 


Press the RESET switch and check 
IC G1 pin 4 and IC W1 pins 5 and 
7 on the Display/Control board. 


Trace the HIGH level of IC W1 
pin 7 through ICs R and N on the 
Interface board to bus pin 75 
(which should be LOW when the 
RESET switch is lifted). 


A LOW FRESET signal should pro¬ 
duce a LOW at IC F pin 2 on the 
CPU board. 


A LOW input at IC F pin 2 should 
produce a HIGH at IC M jj1n,12 on 
the CPU board. 


If Correct 

Pin 4 of IC G1 should go LOW. 
Pins 5 and 7 of IC W1 should 
go HIGH. Proceed to Step 2. 


If proper logic operation 
Is present, proceed to Step 
3 . 


If present, proceed to Step 
4. 


If present, proceed to 
Step 5. 


If Incorrect 

If pin 4 falls to go LOW, check the RESET switch 
with an ohmmeter and replace If necessary. 

If pins 5 and 7 fall to go HIGH, check ICs W1 and 
G1 according to the Instructions on page 4-5. 

Trace continuity from pin 1 of ICs W1 and G1 to 
VRl pin 2. If absent, repair as necessary. 

If ICs R and N do not follow their respective 
truth tables, check them according to the Instruc¬ 
tions on page 4-5. With an ohmmeter, check con¬ 
tinuity from the Display/Control board to the 
Interface board. If opens are found, repair as 
necessary. 

If a LOW Is not present at IC F pin 2, check for 
proper logic operation through ICs G and B on the 
CPU board. Check any IC that does not follow its 
truth table according to the Instructions on page 
4-5. 

Check IC F for +5y at pin 16, +12v at pin 9 and 
Ground at pin 8. If absent or Incorrect, trace 
continuity to VRl pin 2, VR2 pin 2 and bus pin 1, 
respectively. If continuity Is present, check 
IC F according to the Instructions on page 4-5, 
and replace If necessary. 


o 


o 
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Ste p Instructions If Correct 

5 A HIGH signal at pin 12 of IC M Proceed to Table 4-5. 

on the CPU board should cause all 
address and data lines to go HIGH. 

(The LEDs corresponding to the 
address and data lines should 
light.) 


o 


If Incorrect 

If any of the address (A0-A15) or data (D0-D7) 
lines fall to go HIGH, check for shorts. If the 
address and data lights do not light when the 
corresponding pin of IC M (on the CPU board) Is 
HIGH, refer to Section 4-3, Step 17 on page 4-24. 



Table 4-5. Stop Check 


a> Problem 

Description: Normal Operation—When the computer Is running , the Walt light should be off or dim and several address lights 
should be dim. The Ready Tine will be HIGH on pin 23 of IC M cn the CPU board. When the computer Is stopped, 
only status lights Ml, MEMR and WAIT should be on. Pin 23 of IC M will be LOW. There should be no change In 
the address lights. If the computer cannot be stopped, proceed with the steps below. 

Step Instructions If Correct If Incorrect 

1 Check the logic operation from IC If logic to the Display/ Trace the logic levels from IC R1 on the Display/ 

R1 on the Display/Control board Control board Is correct, the Control board through ICs R and H on the Interface 

to IC M on the CPU board. A LOW problem lies In either one of board. Pin 12 of IC R1 should be LOW and bus pin 

signal at IC R1 pin 12 should two areas: the RUN/STOP cir- 58 should be HIGH. If not, check ICs R and H 

cause a HIGH at pin 23 of IC M cultry or the SS Control c1r~ according to the Instructions on page 4-5. A LOW 

on the CPU board. Check for pro- cultry. Check pins 12 and 13 at bus pin 58 should produce a HIGH at IC F pin 3 

per logic operation at IC PI on of IC PI on the Display/ on the CPU board. If this HIGH signal Is absent 

the Dlsplay/Control board. Control board. A constant at pin 3, check ICs C and B on the CPU board 

LOW on pin 12 Indicates a according to the Instructions on page 4-5. The 

problem In the RUN/STOP cir- HIGH at IC F pin 3 should produce a HIGH at IC M 

cultry. Irregular LOW going pin 23. If not, check IC F pins 16, 9 and 8. Pin 

pulses at pin 13 of IC PI 16 should read +5v; pin 9, +12vi and pin 8, Ground. 

Indicate a problem In the SS If the procedures on this page have solved the 
Control circuitry. To test problem, proceed to Table 4-5 on page 4-43. If 

for RUN/STOP problems, pro- the problem still exists, proceed to Step 2 on 

ceed to Step 2 on page 4-35. page 4-35. 

To test for SS Control pro¬ 
blems, proceed to Step 3 on 
page 4-39. 



iO 

••4 





O 


O 



o 


o 


o 


Step Instructions If Correct 

^ o 2 RUN/STOP Circuitry. 

to A. If a board was pulled out vilth Proceed to Step B. 

power on, proceed with the 

steps below: 

1) Turn the computer off and 
remove all boards. Test 
the mother board pins with 
an ohmmeter as described 
in Step 1 on page 4-15. 

2) Inspect the mother board 
for opens along the lands 
corresponding 4:0 bus pins 
1, 2 and 52. 

3) Turn power on and check 
for proper voltages on 
the bus as described on 
page 4-15, step 2. 

4) Pulling a board out while 
power Is on usually damages 
the ICs connected to bus 
pins 3 and 53 which are 
shorted to bus pins 2 and 
52. Check these ICs accord¬ 
ing to the Instructions on 
page 4-15. 


If Incorrect 


Repair according to the Instructions on page 4-15. 


Repair as necessary. 


If voltages are Incorrect, repair according to 
the Instructions on page 4-15. 


Replace IC C on the CPU board and IC N on the 
Interface board If necessary. 


I 

Ca> 

CJl 
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Step Instructions If Correct If Incorrect 

B. Incorrect Installation of If PI and P2 were correctly 

Interface cables PI and P2 can 1nstalled» proceed to Step C. 
cause damage to several compo¬ 
nents. Refer to page 5-19 to 
check for Improper cable 
assembly and repair If neces¬ 
sary. Then follow the steps 
below: 

1) Check ICs H, K, B1 and T Replace as necessary, 

on the Display/Control 

board according to the 
Instructions on page 4-5. 

2) Turn power off and un- Replace as necessary, 

solder one lead of R74 

on the Dlsplay/Control 

board. Test for a i 

resistance reading of \ 

2.2K ohms. Resolder ) 

the lead to the board. ( 

3) Turn power on and check Repair according to the instructions on page 4-18. 

the +5v voltage regulator 

and the -9v voltage regu¬ 
lator on the Display/ 

Control board as described 
on page 4-18, step 1. 
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step Instructions If Correct 

C. Electrical Problem.. 

1) With the computer In a Run If pulses are present^ 
state, check for Irregular proceed to Step 2) on page 
HIGH pulses at IC^Ml pin 4-38. 

3 on the Display/Control 
board. 


4 ^ 

I 



If pulses are not present, check the logic from 
IC Ml to IC D1 on the Display/Control board. 

HIGH pulses should be present at pins 3, 4 and 5 
of IC Dl. 

a. If pulses are missing from pin 3 (of IC 01), 
check pin 4 of IC M on the CPU board for posi¬ 
tive pulses. If absent, check ICs M and F 
according to the Instructions on page 4-20, 
Step 6. If pulses are present at IC M pin 4, 
check IC E pin 1 on the CPU board for a con¬ 
stant LOW signal. If absent, check continuity 
from pin 1 to Ground. Check pin 15 (of IC E) 
for a LOW POBIN pulse. If pin 15 Is HIGH, 
check IC V on the CPU board according to the 
Instructions on page 4-5. If IC V Is working 
properly, check pin 17 of IC M for LOW pulses. 
If absent, again check ICs M and F according 
to the Instructions on page 4-20, step 6. 

Check Mn 13 of IC E for a HIGH D05 signal. 

If present, trace continuity and logic to IC 
Dl on the Display/Control board. Repair as 
necessary. 

b. If the PSYNC pulse Is missing at pin 4 of IC 
Dl, cheek for a HIGH pulse at pin 19 of IC M 
on the CPU board. If absent, check ICs F and 
M according to the Instructions on page 4-5, 
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Step Instructions 


If Correct 


2) Lift the STOP switch 
and check pin 4 of IC 
Cl, pin 5 of IC m and 
pin 2 of IC Ml on the 
Display/Control board. 

3) Lift the STOP switch 
and check pins 4» 1 and 
5 of IC Ml. 


Cl pin 4 should be LOW. 
N1 pin 5 should be HIGH. 
Ml pin 2 should be HIGH. 
Proceed to Step 3). 

Pins 4 and 1 should be 
HIGH; pin 5 should be 
HIGH * Proceed to Step 3 
on page 4-39. 


o 


o 


If Incorrect 

step 6. If the HIGH pulse Is present at pin 
19. check continuity and logic from pin 19 to 
pin 4 of 1C Dl. Check ICs. If necessary, 
according to the Instructions on page 4-5. 
c. If the HIGH pulse (STSTB) Is absent at pin 5 
of IC Dl on the Display/Control board, check 
for a LOW pulse at pin 7 of IC F on the CPU 
board. If absent, check for a HIGH PSYNC 
signal at pin 5 of IC F. If absent, trace 
continuity to IC M pin 19. If continuity Is 
present, check ICs F and M according to the 
Instructions on page 4-20. step 6. If the LOW 
pulse Is present at pin 7 of IC F. trace logic 
and continuity to pin 5 of IC Dl on the Dis¬ 
play/Control board, and repair as necessary. 

Pin 1 of ICs Cl and N1 should be HIGH. If not. 
trace continuity to Vcc. and repair as necessary. 
Check ICs Cl. N1 and Ml according to the instruc¬ 
tions on page 4-5. (Note: Ml pin 2 Is HIGH only 

when the STOP switch is lifted and held.) 

If pin 4 is LOW. check POT according to the 
Instructions on page 4-22, step 11. If pin 1 of 
IC Ml Is LOW, check IC PI according to the Instruc¬ 
tions on page 4-5. Pin 1 of IC PI should be LOW 
when the STOP switch is pressed. If not, check 
logic at pins 2 and 4 of 1C HI and at pins 5 and 

6 of IC Cl. If pin 5 of IC Ml is LOW. check pin 



step 


Instructions 


If Correct 


3 


SS Circuitry. 

A. (Note: If the JC to JF 
jumper Is present on the 
Display/Control board. It 
should be removed for this 
check.) Check* for LOU going 
clear pulses on 1C Ml pin 13 
on the Display/Control board 
while the chassis Is In a 
Run state. A LOW at 1C T1 
pin 8 on the Display/Control 
board should produce thp LOW 
clearing pulse at IC Ml pin 
13. 

B. If LOW SB’ pulses are present, 
follow the steps below: 

1) Check pin 2 of IC J on 
the Display/Control 
board for a CS waveform 
(see waveform #5 on 
page 4-30). 

2) Check pin 13 of IC J 
for a constant LOW 
level. 


If clear pulses are present 
on 1C M, the trouble lies In 
the SB" circuitry. Proceed 
to Step B. 


If present, proceed to 
Step 2). 


If absent, check pin 13 
of IC A for a CS signal. 
If the signal Is absent 


o 


If Incorrect 

2 for a41IGH. If absent, check the logic of ICs 
Cl and Nl. If pin 2 Is HIGH^check IC Ml according 
to the Instructions on page 4-5. 

If pulses are absent at Ml pin 13, check for proper 
logic at ICs J1 and T1 on the Display/Control 
board. If the PSYNC and/or STSTB signals are 
absent at the Inputs of IC Tl, refer to Step C on 
page 4-37. 


If absent, refer to Section 4-3, Step 13, page 
4-23. 


If a constant HIGH level Is present at IC J pin 
13, check continuity to pin 4 of IC A. Check 
IC A according to the Instructions on page 4-5. 



8800b 

4-40 May. ^977 


SteD 


Instructions 


If Correct 



3) Check pins 2, 11 and 
14 of IC A on the 
Display/Control board 
for HIGH signals. 

4) Trace continuity from 
pin 1 of IC J to pin 1 
of iC A and to pins 12 

, and 1 of IC P. 

C. Check pin 14 of IC P on the 
Display/Control board for a 
C8 signal. 

D. Check for a HIGH at IC P pin 
3 on the Oisplay/Control 
board. 

E. Check pin 2 of IC P for a 
LOW level. Pin 2 should 
pulse HIGH only v^hen a PROM 
related switch is pressed. 


at IC A, refer to Section 
4-3. Step 13, page 4-23. 
If present, proceed to 
Step 4). 

If continuity is present, 
proceed to Step C. 

If present, proceed to 
Step D. 

If present, proceed to 
Step E. 

If present, proceed to 
Step F. 


o 


o 


If Incorrect 


If absent, trace continuity to VRl pin 2 and 
repair as necessary. 

Repair as necessary. 


If absent, refer to Section 4-3, Step 15, page 
4-24. Check the logic operation of IC 2. 

If absent, trace continuity through R49 to VRl pin 

2 (on the Display/Control board). Repair as 
necessary. 

If absent, check for HIGH RC-CLR and POC levels 
at pins 12 and 13 of IC Z. If P0C is LOW, refer 
to Section!4-3, Step 7, page 4-20. A LOW signal 
at RC-CLR Indicates either no C6 signal at IC LI 
pin 1 on tne Display/Control board (refer to 
Section 4-3, Step 14, page 4-24) or LOW going 
pulses on pin 3 of IC LI. LOW pulses at IC LI pin 

3 should occur only when a PROM related switch is 
pressed. Check for HTGHs at IC LI pins 2 and 4. 

If absent, trace continuity to VRl pin 2 and 


o 



8800b 
Hay, 1977 


o 


o 

step Instructions If Correct 

F. A C8 signal at IC P pin 14 If HIGH pulses are present, 

should cause HIGH going proceed to Step G. 

pulses to appear at pins 8, 

9, n and 12 of IC P (RAU- 
RA13) on the Display/Control 
board. (Note: The C8 signal 
will occur only briefly when 
a PROM related switch is 
pressed.) 

G. Check pins 17, 18, 19 and 20 If present, proceed to 

of IC G on the Oisplay/Control Step H. 

board for HIGHs. (LOUs should 
occur only when the appropriate 
PROM related switches are 
pressed.) 

H. Check pins 1, 2, 3, 4, 5, 6, If present, proceed to 

11 and 12 of IC N on the Step I. 

Display/Control board fdr 

pulses. ^ 

I. Check IC A1 pins 1 and*2 on If IC A1 is working properly 

the Display/Control board proceed to Step J. 

for proper inverting logic. 

J- On the Display/Control board. If the signals match, 

compare the signal at IC A proceed to Step K. 
pin 1 to that of IC P pin 12. 




o 

If Incorrect 
repair as necessary. 

If HIGH pulses are not present, check continuity 
from pin 1 to pin 12 of IC P. Check power and 
Ground at IC P. If present, turn power off and 
remove IC G. Turn power on and check again for 
pulses at pins 8, 9, 11 or 12. If absent, check 
IC P according to the instructions on page 4-5. 

Turn power off and reinstall IC G. 

If any LOW levels are present (but no PROM 
related switches are pressed), trace logic 
through ICs VI. Zl, Ul, FI, Y1 and HI. Pin 1 of 
ICs FI, Ul, HI and Y1 should be LOW. If not. 
trace continuity to Vcc. Check and replace ICs 
if necessary. 

If constant levels rather than pulses are present, 
refer to Section 4-3, step 16 on page 4-24. Also 
check for shorts and bad socket connections. 

If proper inverting logic is not present, check 
IC A1 according to the instructions on page 4-5. 

If the signals do not match, trace continuity to 
Vcc and repair as necessary. 
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Step Instructions If Correct 

K. Check for pulses at pins 3 If present» proceed to 
and 4 of IC A. Step L. 


L. Check for a LOW at IC N 
pin 8 and trace logic to 
pin 4 of IC Z on the Display/ 
Control board. A LOW at Z 
pin 4 should prevent the C8 
signal from appearing at pin 
6 of IC Z and pin 14 of IC 
P and should keep IC P from 
incrementing. (Note: Pin 4 
of IC Z should be LOW when 
the computer is stopped. Pin 
4 should pulse HIGH only when 
a PROM related switch is 
pressed.) 


o 


If a LOW Is present at pin 
8 of IC N and If proper 
logic Is present, proceed 
to Table 4-6. 


o 


If Incorrect 

If pulses are absent at pin 3. trace continuity to 
pin 4 of IC 6 and repair as necessary. If the 
pulse is absent at pin 4 of IC A, turn power off 
and remove pin 4 from the board. Trace logic to 
pin 12 of IC J. If the pulse is present while pin 
4 is removed from the board, trace continuity and 
look for shorts. If the pulse is absent while pin 
4 is removed from the board, turn power off and 
replace IC A with either IC 81 or IC T. If pulses 
are now present at pins 3 and 4, IC A is defective 
and should be replaced. 

Check any ICs that do not follow their respective 
truth tables according to the Instructions on page 
4-5. Check for continuity and shorts from pin 12 
of IC P to pin 2 of IC Z and repair as necessary. 


Q 
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Problem 


Table 4-6. Run Check 


Description: When the computer Is running, the WAIT light on the front panel should be dim or off, and a HIGH should be 
present at pin 23 of IC N on the CPU board. If the computer will not run when the RUN switch Is pressed, 
follow the steps below. 

Step Instructions If Correct If Incorrect 

1 Press and hold the RUN switch and If present, proceed to If absent, trace logic to the RUN/STOP switch, 

check for LOWs at ICs Cl pin 5 and Step 2. Check ICs Cl and N1 according to the Instructions 

Ml pin 2 on the 01 splay/Control on pWge 4-5. 

board. Check for HIGHs at ICs N1 1 

pin 4 and PI pin 1 (on the Display/ ' 

Control board). 

2 The HIGH at pin 1 of IC PI should If proper logic operation If a LOW Is not present at pin 5 of IC Ml, check 

produce a LOW at pin 1 of IC Ml, Is present, proceed to Table the logic of IC PI and. If necessary, check the 

causing a LOW at pin 5. A LOW at 4-7. ICs according to the Instructions on page 4-5. 

Ml pin 5 should produce a LOW at Check for 02, Vcc and Ground at IC F. If IC F or 

IC R1 pin 12. Trace this active IC M appears defective, refer to Section 4-3, 

LOW FRDY level through the Inter- Step 6, page 4-20. 

face board to IC C pin 13 on the 

CPU board. (IC C p1nl3 should be 

HIGH when the RUN switch Is 

pressed.) The resulting HIGH at 

pin 3 of IC F should cause a 

HIGH at pin 23 of IC M (on the 

CPU board). 
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Table 4-7. Single Step/Slow Check 


Problem 

Description: If JE Is jumpered to JF on the Display/Control board, SINGLE STEP/SLOW can be misleading. For example, when 
SINGLE STEP/SLOW is pressed for a JMP, a change cannot be detected In the LEDs. Activity can only be detected 
by monitoring pulses on IC M pin 23 (READY) on the CPU board. If pulses are not present at IC M, a problem 
exists In the SINGLE STEP/SLOW circuitry. Follow the steps below. 

Step Instructions If Correct If Incorrect 

1 If SINGLE STEP will not function, 

follow steps A and B belpw: 

A. While pressing the SINGLE STEP If present, proceed to If absent, check for HIGH signals at pin 1 of 

switch, check for LOWs at ICs Step B. ICs Cl and N1 on the Display/Control board. If 

Cl pin 13 and D1 pin 1 on the absent, trace continuity to VRl pin 2. If the 

Display/Control board. HIGH signal Is present, check ICs Cl and N1 

according to the Instructions on page 4-5. 

If IC D1 pin 2 Is LOW, check pin 15 of IC N1 for 
a LOW, If absent, check pin 9 of ICs Cl and N1 
for a ClT waveform. If the waveform Is absent, 
refer to Section 4-3, Step 13, page 4-23. If 
pin 15 Is HIGH, recheck the logic of ICs N1 and 
Cl. 

Pin 13 of IC N1 should be HIGH. If not, trace 
continuity from pin 13 of IC D1 to pin 12 of IC J 
and repair as necessary. 

B. When the SINGLE STEP switch If HIGH signals and proper Check IC 01 according to the Instructions on page 

Is pressed and held, IC Ml logic are present, proceed 4-5. Check the logic from pin 8 of IC Ml on the 

pin 11 on the Display/Control to Step 2. Display/Control board to pin 23 of IC M on the 

board should go HIGH. Check CPU board. Check any suspected ICs according to 


o 


o 


o 



o 


o 


step Instructions If Correct 

for HIGHs at pins 12» 10 and 
13 of IC Ml. (Note: A con¬ 
stant HIGH should be present 
at pin 13. A LOW pulse, how¬ 
ever, win end the SINGLE STEP 
operation.) Trace the LOW 
pulse at,IC Ml pin 8 to a 
HIGH pulse at pin 23 of IC M 
on the CPU board. 

2 If SLOW (on the Display/Control 

board) will not function, follow 
steps A, B and C below: 

A. Check for Cl8 pulses at pin If present, proceed to 

10 of IC PI on the Display/ Step B. 

Control board. 


8. Holding the SLOW switch If present, proceed to 

down should produce HIGHs Step C. 
at pin 9 of IC PI and at 
pins 1 and 13 of IC PI on 
the Display/Control board. 

C. Cl8 pulses should occur at 
ICs D1 pin 2 and Ml«p1n 11 
on the 01Splay/Control 


I 

cn 


If proper operation Is 
present, proceed to Step 3. 



If Incorrect 

the Instructions on page 4-5. If problems are 
suspected with IC F or IC M, refer to page 4-20, 
step 6. 


If absent, check the logic from pin TO of IC PI 
to jumper JD. (JD Is located next to switch Al.) 
If pulses are not present at pins 2, 13 and 14 
of IC X, refer to Section 4-3, steps 9 and 10 
on page 4-22 to check ICs L and X. 

If pin 13 of IC D1 Is LOW, check IC J pins 1, 2 
and 13 as described In Table 4-5, Step 3, page 
4-39. If pin 9 of IC PI or pin 1 of IC D1 Is 
LOW, check the logic of ICs Cl and N1. Check ICs 
Cl and N1 according to the Instructions on page 
4-5 If necessary. 

If LOW pulses are absent at pin 13 of IC Ml, 
refer to step A on page 4-39. Any IC whose 
logic does not follow Its truth table should be 




8800b 

4-46 May, 1977 


S tep Instructions If Correct 

board. LOW going pulses 
should be present at IC Ml 
pin 13. (Note: A constant 
LOW level should never be 
present at Ml pin 13.) Bins 
12 and 10 of IC M should be 
HIGH. Trace the LOW going 
pulses at IC Ml pin 8 to 
the HIGH going pulses on the 
READY line (pin 23 of IC M 
on the CPU board). 

3 If SINGLE STEP and SLOW will not 

actuate a stopped condition, 
follow steps A and B below: 

A. Pressing the SINGLE STEP/ If the proper signals 
SLOW switch should produce are present, proceed to 

LOWS at ICs Ml pin 2 and Step 6. 

PI pin 1 and HIGIis at ICs 
Ml pin 1 and PI pin 12 on- 
the Display/Control board. 

Check for a LOW going pulse 
at pin 13 of IC Ml. (Note: 

This pulse may be hard to 
detect. If so, hit the 
RUN switch to produce 
several of these pulses 


If Incorrect 

checked according to the Instructions on page 
4-5. HIGH pulses should be present at pin 3 of 
IC F on the CPU board. If ICs M or F appear 
defective, refer to Section 4-3, steps 5 and 6, 
page 4-20. 


Check any IC whose logic does not follow Its 
truth table according to the Instructions on page 
4-5. Pin 1 of ICs Cl and N1 should be HIGH. 

If not, trace continuity to VRl pin 2 and repair 
as necessary. If pin 13 of IC Ml Is constantly 
LOW, refer to Step A, page 4-39. 






o 


o o 


3 : 00 

step 

Instructions 

If Correct 

If Incorrect 

« 0 
cr 

«0’ 


B. Check pin 5 of IC T1 on the 
Dlsplay/Control board for a 
HIGH POC signal. HIGH going 
pulses should be present at 
pins 3 and 4 of IC Tl. 

If present, proceed to 

Table 4-8. 

If a HIGH signal Is not present at pin 5, 

refer to Section 4-3, step 11, page 4-22. If 

HIGH going pulses are absent at pins 3 and 4, 
check for PSYNC and STSTB pulses at pins 2, 13, 

11 and 10 of IC Tl. If these pulses are missing. 


trace logic to the CPU board according to the 
instructfons on page 4-37, step C. Check any 
suspected ICs according to the Instructions 
on page 4-5. 
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Table 4-8* Protect/Unprotect Check 

Note 1: Table 4-8 deals with problems on the Display/Control board only ; memory board problems are not Included In this 
table. 

Note 2: In order to perform the PROTECT/UNPROTECT check, one memory board that has the PROTECT/UNPROTECT option must be 
Installed In the chassis. (16K Static boards do not have this function. PROM memory boards, when addressed, 
always cause the PROTECT LED to light.) 

Problem 

Description: If pressing the PROTECT switch does not protect the memory board from depositing new data and If the UNPROTECT 
switch does not allow new data to be deposited, follow the steps below. 

Step Instructions If Correct If Incorrect 

1 Pressing the PROTECT (or If proper operation Is Check ICs 61 and W1 according to the Instructions 

UNPROTECT) should produce a LOW present, proceed to Step 2. on page 4-5. Check any IC (on the Interface 
at pin 13 of IC G1 on the DIs- board) whose logic does not follow Its truth 

play/Control board as long as table according to the Instructions on page 4-5. 

the switch is held. Pressing 
the UNPROTECT switch causes the 
same operation to occur at pin 

12 of IC 61. The LOW at pin 

13 of IC 61 causes a LOW at 
pin 10 of IC W1 (for PROTECT). 

The LOW at pin 12 of IC 61 
causes a LOW at pin 14 of IC 
W1 (for UNPROTECT). Trace the 
LOW active PROTECT (or 
UNPROTECT) signal to bus pin 
20 (or 70). (Note: The 
memory board must be addressed 
In order to be protected.) 


o 


Q 


Q 
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step Instructions If Correct 

2 A LOW on the PS line (bus #69) If so, proceed to Table 4-9 

should cause the PROTECT LED on page 4-50. 

to light. 


o 


If Incorrect 

If the PROTECT LED does not light, refer to 
Section 4-3, step 17 on page 4-24. 



Table 4-9. Sense Switch Check 

Problem 

Description: If the data input from the SENSE switches does not match the settings of A8-A15, follow the steps below. 


Instructions 

Pressing Single Step twice for 
the following program should 
produce LOW levels at pins 8 
and 9 of IC D on the Interface 
board. (Note: JE should not 
be jumpered to JF on the Dis¬ 
play/Control board for this check.) 
All address lines (A0-A15) should 
be HIGH. 

Location Bit Pattern 


Note: If this program cannot be 
deposited* proceed to Table 11 on 
page 4-55 to correct the DEPOSIT 
problem. 

Pin 12 of IC J on the Interface 
board should be HIGH. 

Pin 13 of IC J should be HIGH. 

If not. check for a HIGH SINP 
signal at bus pin 46. 


' If Correct 

If LOWS are present at pins 
8 and 9 when the program is 
run. proceed to Step 2. 


If so. proceed to 
Step 3. 

If pin 13 of IC J is HIGH, 
proceed to Step 4. 


If Incorrect 

If LOW levels are not present at pins 8 and 9 
of IC D. check the logic operation from IC M 
(A0-A15) on the CPU board to IC D on the Inter¬ 
face board. Check any suspected ICs according 
to the instructions on page 4-5. 


If pin 12 is LOW. check IC D according to the 
instructions on page 4-5. 

If pin 13 of IC J is not HIGH, check ICC 
according to the instructions on page 4-5. If 
the SINP signal is absent at bus pin 46. trace 
logic to pin 6 of IC K on the CPU board. Check 


o 


o 


o 
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step Instructions . If Correct 


i 


4 Pin 11 of IC J on the Interface If correct, proceed 

board (SSWf) should be LOW. to Step 5. 

Checking logic and continuity, 

trace this signal to a LOW on 
pin 10 of IC Z on the Display/ 

Control board. 

5 For each address switch (A8-A15) If LOWs are present at 

that Is lifted, the correspond- the proper IC pins, pro- 

Ing output pin of either IC W ceed to Step 6. 

or IC U on the Display/Control 
board should be LOW. 

6 Trace the LOW level output from If proper logic Is present 

IC W or IC U to a HIGH on the proceed to Step 7. 

corresponding output pin of IC 

E or IC M on the Interface board. 

7 Check PDBIN (pin 2 of IC B on the If present, proceed to 

Interface board and pin 4 of IC Step 8. 

C oh the CPU board) for HIGH 
levels. 


- 1 ^ 

I 

cn 
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If Incorrect 

any suspected ICs according to the Instructions 
on page 4-5. . 

Check for HIGHs at pins 2, 11 and 13 of IC K. 

If absent, trace continuity to VRl pin 2 on the 
CPU board, and repair as necessary. Press RUN 
and check for LOW STsTB pulses on pin 1 of IC K 
(see Table 4-10, Step 3 on page 4-53). 

Check the logic of ICs J and H on the Interface 
board. Check any suspected ICs according to the 
Instructions on page 4-5. 


If these IC pins are HIGH, check for shorts. 

Check ICs W and U according to the Instructions 
on page 4-5. 

Check any suspected ICs according to the Instruc¬ 
tions on page 4-5. 

If absent, check IC V on the CPU board according 
to the Instructions on page 4-5. Trace logic to 
a HIGH at pin 17 of IC M on the CPU board. Check 
any suspected ICs according to the Instructions 

\ 



Instructions 


If Correct 


4a. Stee. 

I 

cn 

ro _ 

8 A LOW SSWI level should produce If correct, proceed to 

LOWS at pins 6 and 13 of IC B Step 9. 

on the Interface board. Pin 8 

of IC B should be HIGH, causing 

LOWS to appear at bus pin 57 

(OIGl) and pin 6 of IC B. A 

LOW at pin 57 should produce 

a HIGH at pin 6 of IC C on the 

CPU board. Pins 4, 5, 9 and 

10 of IC B should be HIGH. 

9 Refer to schematic 3-14. If the proper data lines 

Lifting any of the A8-A15 address are HIGH, proceed to 
switches should cause the corres- Table 4-10. 

ponding data line of ICs D, E 
and M on the CPU board to go 
HIGH. 



iO 

>4 


o 
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If Incorrect 
on page 4-5. 

If any of these signals are Incorrect or absent, 
check continuity and check the ICs according to 
the Instructions on page 4-5. If HIGHs are not 
present at IC B pins 4, 5, 9 and 10, trace con¬ 
tinuity to VRl pin 2 on the Interface board. 


Check logic from the outputs of ICs E and M on 
the Interface board to ICs D and E on the CPU 
board. Check any suspected ICs according to the 
Instructions on page 4-5. 


o 






s 00 

O* 00 




Table 4-10. Status Ch( 

Problem 

Description: If status Is Incorrect when the computer Is turned on and 
status, follow the steps below. 

Step Instructions If Correct 

1 Check for HIGHs at pins 2, 13, 11 If present, proceed to 

and 14 of IC K on the CPU board. Step 2. 

2 PRESET should*^e HIGH on the bus. If so, proceed to Step 

3. 

3 Check for a LOW going STSTb pulse If present, proceed to 

at pin 1 of IC K on the CPU board Step 4. 

while the computer Is running. 


4 


Check for MEMR and Ml signals at If present, proceed to 

IC K pins 4 and 8 on the CPU Step 5. 

board. Check continuity from the 

outputs of ICs D and E to the 

Inputs of IC K on the CPU board. 

If pins 4 and 8 of IC K aire HIGH, If the correct LEDs are 

the Ml and l^EMR LEDs on the front lit, proceed to Section 

panel should be lit. 4-5 If problems exist with 

the EXAMINE/EXAMINE NEXT, 
DEPOSIT/DEPOSIT NEXT, 
ACCUMULATOR DISPLAY/ 
ACCUMULATOR LOAD or IN/ 
OUT switches. 


I 

U1 

CJ 


o 


pressing the RESET switch falls to achieve proper 
If Incorrect 

If pins 2, 13, 11 or 14 are LOW, trace continuity 
to VR1 pin 2 on the CPU board. Repair as necessary. 
If not, check the logic for the RESET switch accord¬ 
ing to the Instructions In Table 4, page 4-32. 

If absent, check continuity from pin 7 of IC F to 
pin 1 of IC K. If continuity Is absent, check IC F 
on the CPU board according to the Instructions In 
Table 5, Step C, page 4-38. 

If pins 3 and 7 of IC K are constantly LOW when 
the computer Is running, look for shorts on the 
CPU board and repair as necessary. 

If the correct LEDs are not lit, check for proper 
logic operation from IC K on the CPU board to the 
front panel LEDs. Check any suspected ICs accord¬ 
ing to the instructions on page 4-5. If the ICs 
are working properly, refer to Step 17 on page 4-24 
to check the LED circuitry. 



4-5. PROM RELATED SWITCH PROBLEMS 

Section 4-5 contains procedures to solve problems relating to the 
EXAMINE/EXAMINE NEXT, DEPOSIT/DEPOSIT NEXT, ACCUMULATOR DISPLAY/ACCUMU¬ 
LATOR LOAD and IN/OUT switches. Problems Involving the RESET, RUN/STOP, 
SINGLE STEP/SLOW, PROTECT/UNPROTECT, SENSE and STATUS switches should be 
checked before performing the tests In Section 4-5. Refer to Section 
4-4 to solve problems of this kind. 

The text In Section 4-5 is divided into 16 major steps. These are 
general procedures that should always be followed when testing the PROM 
related switches. 
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Table 4-11. PROM Related Switch Pr 
Step Instructions If Correct 

1 When a PROM related switch Is If RA7-RA4 go to the appro- 

pressed and held, the upper four priate levels when the 

bits (RA7-RA4) of the beginning corresponding switch Is 

address (as shown In Table 3-2 In pressed, proceed to Step 2. 
the Theory of Operation section) 
are produced on the PROM (IC G on 
the Display/Control board) address 
lines. The chart below shows how 
the PROM address lines (RA7-RA4) 
correspond to the switch. 



Address 

Bit 



RA7 

RA6 

RA5 

RA4 

Corresponding 

PROM Pin 

17 

18 

19 

20 

Switch 





EXAMINE 

LOW 

HIGH 

HIGH 

HIGH 

EXAMINE NEXT 

HIGH 

LOW 

HIGH 

HIGH 

DEPOSIT 

HIGH 

HIGH 

LOW 

HIGH 

DEPOSIT NEXT 

HIGH 

HIGH 

HIGH 

LOW 

ACCUMULATOR 

DISPLAY 

LOW 

LOW 

HIGH 

HIGH 

ACCUMULATOR 

LOAD 

HIGH 

LOW 

LOW 

HIGH 

IN 

HIGH 

HIGH 

LOW 

LOW 

OUT 

HIGH 

LOW 

HIGH 

LOW 


- 1 --- 

If no PR0f4 related switches are 

pressed, RA7-RA4 (pins 17-20 of IC G) 
should be HIGH. 


I 

ai 

cn 


ems 

If Incorrect 

If RA7-RA4 are LOW when none of the switches are 
pressed, check for LOW Input signals at ICs Y1 
and Z1 on the Display/Control board. Trace con¬ 
tinuity from RA4-RA7 through RPl to VRl pin 2 
(Vcc), and repair as necessary. If a HIGH Input 
Is found, check the logic operation of ICs FI, Ul, 
Al and VI. Pin T of ICs HI, Ul, Y1 and FI should 
he HIGH. If not, trace to VRl pin 2 on the 
Display/Control board. Pins 4, 5, 13 and 12 of 
ICs FI and 111 should be HIGH when none of the 
switches are pressed. If HIGH signals are not 
present, trace continuity to VRl pin 2 and repair 
as necessary. 

Press and hold down the suspected switch and 
trace logic to the switch from pins 17, 18, 19 
and 20 of IC G on the Display/Control board. 

Check any suspected ICs according to the Instruc¬ 
tions on page 4-5. 
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Step Instruction s If Correct 

2 Check for a HIGH clear pulse (less If the pulse Is present, 

than .1 ijsec. wide) at pin 2 of IC proceed to Step 3. 

P on the 01 splay/Control board each 
time a PROM related switch Is 
pressed. (Note: In order to 
better detect this pulse, turn 
the scope's time base to the lowest 
frequency setting, or highest time/ 
cm setting, and turn up the Inten¬ 
sity. A logic probe may also be 
needed.) 


3 


Refer to schematic 3-16, sheet 1 
of 3. Press the PROM related 
switch and check for .proper oper¬ 
ation (as shown In schematic 3-16) 
on the RA0-RA3 address lines of 
IC G on the Olsplay/Control board. 
For example, the OEPOSIT switch 
covers addresses 320-323. Address 
lines RA2 and RA3 (which correspond 
to pins 8 and 11, respectively, of 
IC P) are never used. Consequently, 
when the DEPOSIT switch Is pressed. 


If address lines RA0-RA3 
are operating properly, 
proceed to Step 4. 


If Incorrect 

If the pulse is absent, check for HIGHs at pins 
2 and 4 of IC L and at pins 1, 2, 11 and 12 of 
IC XI on the Display/Control board. If absent, 
trace continuity to VRl pin 2 on the Display/ 
Control board. Repair as necessary. Pressing 
any PROM related switch will cause at least one 
LOW on the Input pins of IC XI, producing a HIGH 
at pin 3 of IC LI. The LOW going pulse at pin 6 
(RC-CL¥) of IC LI should cause a HIGH pulse at 
pin 2 of IC P. At the same time, pin 5 (AL-STB) 
of IC LI should pulse HIGH. If this does not 
occur, check ICs LI and Z according to the Instruc¬ 
tions on page 4-5. 

If proper operation Is not present at address 
lines RA0-RA3, check IC P according to the 
Instructions In Table 4-5, Step F, on page 4-41. 


o 


o 


o 




o 
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Step instructions 

pulses should not be present at 
pins 8 and 11 of IC P. When the 
switch Is released* pulses may be 
present at all outputs of IC P. 
The following chart shows the 
correct pulse level for each 
switch. 


Switch 

RA3 

Address 

RA2 

Bit 

RAl 

RAO 

EXAMINE 

NP, 

P 

P 

P 

EXAMINE 

NEXT 

« 

NP 

NP 

P 

P 

DEPOSIT 

NP 

NP 

P 

P 

DEPOSIT 

NEXT 

NP 

P 

P 

P 

ACCUMULATOR 

DISPLAY 

P 

P 

P 

P 

ACCUMULATOR 

LOAD 

P 

« 

P 

P 

P 

IN 

P 

P 

P 

P 

OUT 

P 

P 

P 

P 


NP « No pulses 
P « Pulses 

(Note: This chart Is valid only 
when the switch Is pressed and 
.held. When the switch Is released, 
pulses may appear at all of the 
address lines.) 


o 

If Correct 


42 ^ 

I 

CJl 


o 


If Incorrect 



step Instructions If Correct 

4 For each data line, check contin- If continuity is present, 

ulty (with an ohmmeter set at XIK proceed to Step 5. 
or higher) from the output pins of 
ICs N and F on the Interface board 
to the appropriate pins of ICs D 
and E on the CPU board. 


5 If a pulse counter Is available, If correct, proceed to 

check for the appropriate number Step 6. 
of clock pulses at IC Ml pin 11 
on the Display/Control board as 
listed below: 

Switch Number of Pulses 

EXAMINE 3 

EXAMINE NEXT 1 

DEPOSIT 0 

DEPOSIT NEXT 1 

ACCUMULATOR 

DISPLAY 6 

ACCUMULATOR 

LOAD 6 

INPUT 6 

OUTPUT 6 

(Note: Each number corresponds to 

the number of S8 pulses set In 

Table 3-2.) 



iO 


O 


o 


If Incorrect 

If continuity Is absent, check for opens or a 
bad connection In the CPU to Interface board . 
cable. An open will cause the same bit to be 
deposited no matter what condition the A0-A7 
switches are In. The EXAMINE switch will show 
that the address bit Is HIGH along with the 
corresponding bit In addresses A8-A15. Resolder 
the cable If necessary and solder over opens. 

If the correct number of pulses Is not present 
at IC Ml pin 11, check IC 6 on the Display/Control 
board. Also check CS, C8, CTT, C6 and Ml (refer 
to pages 4-23 step 13, 4-24 step 15, 4-22 step 
10, 4-24 step 14 and 4-37 step C, respectively). 


o 
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step Instructions If Correct 

6 If the tl3, C6, C8 and CS signals If these signals are func- 

have not been checked, refer to tioning properly, proceed 
page 4-22 step 10, page 4-24 to Step 7. 

step 14, page 4-24 step 15, and 
page 4-23 step 13, respectively, 
to check these signals. 

7 The PROM functions usually cause If constant levels are not 

each PROM data output to change present, proceed to Step 8. 
levels at least once. Bit 7 of 

EXAMINE NEXT Is the only excep¬ 
tion to this rule. Press each 
PROM related switch while mon¬ 
itoring the output pins of IC 6 
on the Display/Control board 
for pulses. 

8 Check for HIGH signals at pins If HIGH signals and cont- 

2, 14 and 11 of IC A on the nulty are present, proceed 

Display/Control board. Check to Step 9. 

continuity from pins 1 and 12 
of 1C P to pin 1 of IC A and 
to pin 2 of IC Z on the Display/ 

Control board. 

9 One second after the switch Is If correct, proceed to 

pressed, the final address (as Step 10. 

shown In Table 3-2)* should 
appear on lines. RA0-RA7 and 
remain there until the switch 


o 


If Incorrect 

Repair according to the Instructions on the 
appropriate page. 


If a constant LOW or HIGH signal Is present on 
pins 4, 5, 6, 7, 8, 9, 10 or 11 of IC 6 on the 
Display/Control board when a switch Is pressed, 
check continuity with an ohmneter and look for 
shorts and bad socket connections. Repair as 
necessary. 


If HIGH signals and/or continuity are absent, 
check continuity from the suspected pin to VRl 
pin 2 on the Display/Control board and repair as 
necessary. 


If the final address Is not 177, check IC G 
according to the Instructions on page 4-24, step 
16. Also look for shorts and repair as necessary. 
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Step Instruction s If Correct 

Is released. 177 should also be 
present at IC G on the Display/ 

Control board. 

10 Refer to the following chart and If present, proceed to 
check for S pulses at pins 4, 6, Step 11. 

8. 10, 15, 17, 19 or 21 of IC A 
on the Display/Control board. 

Switch * S Puls e 

Emm SI, S2, S5, S7, S8 

EXAMINE NEXT S5, S7, S8 

DEPOSIT SI, S6, S7 

DEPOSIT NEXT SI, S6, S7, S8, S5 

ACCIMJLATOR 

DISPLAY S3, S4, S5, S7, S8 

ACCUMULATOR SI, S3, S4, S5, S7 

LOAD S8 

IN S2. S3, S4, S5, S7, 

S8 

OUT ‘ S2, S3, S4, S5, S7, 

S8 

11 The S pulses listed In Step 

10 should produce the following 
results:^ 

A. For*feach A0-A7 switch that If present, proceed to 

Is up, SI should produce a Step B. 

HIGH pulse on the corres¬ 
ponding output pin of IC E 




o 


If Incorrect 


If the proper pulses are absent, or If the 
Improper pulses are present at IC A, check IC A 
according to the Instructions on page 4-5. Also 
look for shorts and repair as necessary. 


If these HIGH pulses are absent, trace continuity 
from pin 21 of IC A to the Input pins of ICs Y 
and W on the Display/Control board. Also trace 
continuity from the output pins of ICs Y and W 


o 
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step Instructions If Correct 

or IC M on the Interface board. 

To check for SI, press the 
DEPOSIT switch. 


B. A HIGH S2 pulse should cause If LOW pulses are present, 
LOW pulses at the outputs of proceed to Step C. 

ICs W and U on the Display/ 

Control board (If the corres¬ 
ponding switch Is up). 

C. HIGH S3 and S4 pulses should If HIGH signals are present 

produce HIGHs at ICs B1 pin at B1 pin 13 and T pin 13, 

13 and T pin 13 on the DIs- proceed to Step D. 
play/Control board. 

D. A HIGH SS pulse should pro- If LOW signals are present, 

duce LOWS at IC R pins 1 and proceed to Step E. 

15 and IC S pin 1 on the 
Display/Control board. 

E. A HIGH S6 pulse should produce If HIGH pulses are present, 

a HIGH MWRITE pulse at bus pin proceed to Step F. 

68 and a HIGH DIGl pulse at 
bus pin 57. 


I 


o 


If Incorrect 

to the Input pins of ICs E and N on the Interface 
board with the corresponding switch up. Repair 
as necessary. Check logic operation from the 
Input pins of ICs Y and W on the Display/Control 
board to the output pins of ICs E and N on the 
Interface board. Check any suspected ICs accord¬ 
ing to the Instructions on page 4-5. 

If LOW pulses are absent, check the logic of ICs 
Al, Z, W and V. Test the ICs according to the 
Instructions on page 4-5, If necessary. 

If HIGH pulses are absent, check continuity with 
an ohmmeter and repair as necessary. 

If LOW signals are absent, check continuity from 
pin 10 of IC A to pin 9 of IC Al on the Display/ 
Control board. If the logic on IC Al Is Incor¬ 
rect, check the IC according to the Instructions 
on page 4-5. 

If a HIGH MWRITE pulse Is absent at bus pin 68, 
check for a LOW DEF pulse at pin 8 of IC J. If 
absent, check pin 10 of IC J on the Display/ 
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Step 


Instructions If Correct 

If the MWRITE signal Is 
absent, 'Ts** will appear 
In the data lights (for each 
A0-A7 switch that Is up) for 
as long as the DEPOSIT switch 
Is held. Wl»en the DEPOSIT 
switch Is released, the data 
lights will return to their 1 
original pattern. The 
DEPOSIT NEXT switch will act 
as EXAMINE NEXT, I.e. It will 
Increment an address, but 
fall to deposit It In memory. 


F. A HIGH S7 pulse should pro- If present, proceed to 

duce LOWS at IC F pins 1 and Step G. 

15 and IC N pin 15 on the 
Interface board, and a HIGH 
at pin 6 of IC C on the CPU 
board. 



lO 
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If Incorrect 

Control board when the switch Is pressed. If 
absent, check continuity from pin 10 of IC J to 
pin 13 of 1C A, pin 2 of IC Z, and pins 12 and 
1 of IC P. Repair as necessary. Pins 2 and 14 
of IC A should be HIGH. If not, trace continuity 
to Vcc. If the DEF pulse Is still absent, check 
IC J according to the Instructions on page 4-5. 

If IC J Is working properly, and If continuity 
Is present, check ICs A and H on the Interface 
board for proper logic operation. 

If a HIGH DIGl pulse does not occur at bus pin 57, 
trace logic from IC C pin 5 on the Display/Control 
board to a LOW pulse at pins 6 and 12 of IC 6 on 
the Interface board. Trace the HIGH pulse from 
IC B pin 8 to a HIGH at pin 6 of IC C on the CPU 
board. Pin 2 of IC B should pulse HIGH simul¬ 
taneously with IC C pin 6. If not, check the 
logic from pin 2 of IC B to pin 17 of IC M on 
the CPU board. Check the ICs, If necessary, 
according to the Instructions on page 4-5. 

If absent, check for a CS signal at pin 4 of IC J 
and for HIGH pulses from IC P pin 12 to pin 5 of 
IC J on the Display/Control board. If the signals 
are absent, trace continuity and repair as neces¬ 
sary. Trace logic to IC B pin 12 on the Inter¬ 
face board. Pins 4, 5, 9, 10, 13 and 2 of IC B 


o 
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!f Incorrect 

should be HIGH. If pins 4, 5, 9 or 10 are LOW, 
trace continuity to VRl pin 2 on the Interface 
board. If pin 2 of IC B Is LOW, trace logic 
and continuity to pin 17 of IC M. IC M pin 17 
should be HIGH. If not, look for shorts and check 
IC V according to the instructions on page 4-5. 

If pin 13 of IC B Is LOW, check IC J on the 
Interface board according to the Instructions 
on page 4-5. Pins 12 and 13 of IC J should be 
LOW. If not, check ICs C and 0 on the Interface 
board according to the Instructions on page 4-5. 
S7 should produce a LOW pulse at pin 12 of IC B, 
causing a HIGH pulse at pin 1 (of IC B). If a 
HIGH pulse Is not present at pin 1, check IC B 
according to the Instructions on page 4-5. Trace 
the HIGH pulse from IC B pin 1 to IC C pin 5 on 
the CPU board. (Pin 4 of IC C should be HIGH.) 
Absence of a LOW pulse at pin 6 of IC 6 will 
cause all '*l*s“ to be deposited into memory (no 
matter how the A0-A7 switches are set) when the 
DEPOSIT switch Is pressed. Pressing the EXAMINE 
switch will cause HIGHs only at A3, A4 and A5 
(no matter how the A0-A15 switches are set), 
since the CPU receives an RST 7 (377) Instruction 
and jumps to location 070. 




StSE 

Instruction 

If Correct 


G. , A HIGH S8 pulse should pro¬ 

If preseht, proceed to 

f • 


duce a HIGH READY pulW on 
pin 23 of IC H on the CPU 

board. 

Step 12. 


ir\- ^ 


12 Check the DEPOSIT switch for Proceed tb Step 13. 

proper operation; It should 
deposit each bit separately. 
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If Incorrect 

If the READY poise Is absent at pin 23, check for 
a fliGH piilse (from^lC P) at pin 1 of IC J on the 
Display/Control board and for a CS signal at pin 
2 (of IC J). If the pul^ Is absent at pin 1, 
check continuity to pins 1 and 12 of IC P. Repair 
as necessary. If ibe CS signal Is absent at pin 
2, refer to Step 13 on page 4-23. trace logic 
from pin 12 of IC J to a HIGH pulse on pin 11 of 
IC Ml. Check any suspected ICs according to the 
Instructions on page 4-5. Pins 12 and 10 of IC 
Ml should be HIGH. If not, trace continuity to 
Vcc. Pin 13 of IC M should be HIGH. If a con¬ 
stant LOW Is present, check logic at ICs J1 and 
tl and replace. If necessary, trace logic from 
IC Ml pin 8 to IC M on the CPU board. Replace 
ICs and repair shorts or opens If necessary. 

If ICs M or F appear defective, refer to Section 
4-3, Step 6 on page 4-20. 

If the switch cannot deposit the bits separately, 
try different bit combinations. A bit that 
cannot be deposited separately may be dependent 
on another bit; check for shorts with an ohmmeter 
set at XIK or higher. A LOW resistance reading 
between two data lines Indicates a short. Repair 
as necessary. 


Q 
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step Instructions If Correc t 

13 Lower address switches A8-A15 In If there Is no change In 
order to Isolate any effect they the syinptoins, proceed to 
may have on the circuitry. The Step 14. 

switch symptoms should not 
change* 

14 ICs B1 and T on the Display/ If the symptoms do not 

Control board are not needed change, n«ke sure power Is 
for the EXAMINE, EXAMINE NEXT, off and reinstall ICs B1 

DEPOSIT and DEPOSIT NEXT and T. Proceed to Step 15 

functions. If problems occur 

. with these functions, turn 
power off and remove ICs B1 
and T from the board. Removal 
of B1 and T will Isolate any 
effects these ICs may cause^ 

» However^ the switch syqipjto^^ .. » ^ j- 

should not change. 

15 Examine the IC outputs in Proceed to Step 16. 

order to test the Display/ 

Control board's open Collec¬ 
tors (ICs Y, M and U), the 
address switches and conti¬ 
nuity to pull-up resistors 
R41-R48 by lifting up each 
address switch (A0-A15) 
separately. 




o 

If Incorrect 

If the symptoms change when A8-A15 are lowered, 
check the logic operation of ICs U, U, Z, A1 and 
A. If necessary, check the ICs according to the 
Instructions on page 4-5. 

If the symptoms change, check pins 1 and 2 of 
both ICs for LOWs. If absent, trace continuity 
to the Ground pin of the 7805 voltage regulator 
on the Display/Control board. Pin 13 of both ICs • 
should be LOW. If not, trace continuity to pin 
17 (for IC Bl) or 15 (for IC T) of IC A. Repair 
as necessary. Pin 13 of bpth IjDs should never 
pulse HIGH for the EXAMINE/EXAMINE NEXT or 
DEPOSIT/DEPOSIT NEXT functions. Pin 14 of both 
ICs should be HIGH. If not, trace continuity 
to Vcc (VRl pin 2). 

If any of the outputs fail to,go HIGH when the 
corresponding address switch Is lifted, check 
for a LOW input signal. If the input is not LOW, 
check for shorts and continuity to pin 21 of JC 
A., A LOW Input signal Indicates that a bad IC 
exists or that one of the components Is holding 
the line LOW. Check Vcc dnd Ground to the IC. 

Pin 13 of both ICs Bl and T should bf; LOW. If 
not, trace continuity back to IC A and check IC 




step Instructions If Correct 

g{ A bad open collector can cause 

t ^ the switch data to be examined 

\ or deposited improperly. If 

an address switch is down, the 
corresponding open collector 
output is disconnected from 
Vcc and will float as a LOW. 

Lifting the address switch 
should raise the output of 
the open collector to approx¬ 
imately 4y. (Note: ThjB 
common inputs of ICsY, W and 
U should bj^ LQH.wheri ^e com¬ 
puter i^^stppp^dAnMc^ 
swi tches sed^ 

16 A. If 

;DISPl,AI^^4witph^ 
functicw. follow th^ 

.below: ^ .. 

1) Check the ground strap Proceed to Step 2) 
•from VRl on the Display/ 

Control board to the 
computer; it must be 
connected in order for 
the ACCUMULATOR DISPLAY 
switch to function pro- 
perly. , 



iO 
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If Incorrect 

A according to the instructions on page 4-5. Pins 
T and 15 of IC R and pin 1 of IC S (on the Dis¬ 
play/Control board) should be HIGH. If not, 
trace logic to pin 10 of IC A. Test any suspected 
ICs according to the instructions op page 4-5. 
Check for shorts on both the Display/Control 
board and the Interface board along the FDI0-FDI7 
lines. 


Repair as necessary. 




Instructions 


I f Correct 
Proceed to Step 3).. 


Proceed to Step 5). 


Hake sure Jumper JO to Proceed to Step 3, 
JC Is present on the 
Interface board. 

Check for LOWS at pins Proceed to Step 4). 
2 and 1 of iCs B1 and 
T on the Olsplay/Con- 
trol board. (A constant 
HIGH shoirld be present 
at pin 14 of both IGs.) 

As long as the ACCUMU- Proceed to Step 5 
LATOR DISPLAY switch 
Is he1d« pin 2 of IC G 
on the Interface board 
should be LOW. Pins 
13 and 14 of IjC G 

should be HIGH ai[ld pin , , 

1 should be LOW. . 

( Pressing :the ifCCUMUy\ltOR Proceed to Step B 
DISMAY, ?vfitt|i ?hoij3^ .^ 

.prodpcp 

^ JC D , 

y on 

As W 

’ IC JC 

sj^ld 4.S0 PM|se_ HIGH. 


f?. . tM-’f ' ii ii-'- 4 ' 






■ V* '* .'<• *** V ? ' 




• , I > a . 


iju' 


o 

« 

If Incorrect 
Repair If necessary. 


If pins 2 and 1 are HIGH, trace continuity to 
Ground (pin 3 of VRl) on the Olsplay/Control 
board. If pin 14 Is LOW, trace continuity to 
VRl, pin 2. Repair as necessary. 

If pin 2 Is HIGH, trace logic from IC 6 to IC Y1 
on the Display/Control board. Check any suspected 
ICs according to the Instructions on page 4-5. 

If pins 13 and 14 of IC 6 are LOW, trace con¬ 
tinuity to VRl pin 2 (on the Interface board) 
and repair as necessary. 


Since pulses are usually too rapid to detect 
visually, run the following program to generate 
several pulses. 


Location 

Bit Pattern 

000 

333 

001 

377 

002 

303 

003 

000 

004 

000 


.L-j , ..i 






Instructions 
If junper JE tp JF is 
present bn the Inter¬ 
face boar<i, a filGH 
pulpb tie present 

at pin I o* It R. The 
' r.esu1.t«tngi L0W_ at pin 8 
. (of jlC TC} >ho&Td pro- 
dtit^ a MI<W pulse at: 
of iC 6. 

B. If tlib ffCUMULATW pEPOSIT^ 
switch :h( 11 npt funcjtloni 
check the inputs? of ICs Bi 
add t ^ described lo. Step 

■ ' -f ■' 

14 on page 4-65i 

C. If the IN swl^tch will not 
function, check the SENSE 
switch operation shown 
In Table 4-9, starting on 
page 4-50. 

0. If the OUT switch will ' 
not function, check the 
sense swltcti operation 
as shown in, Table 4-9, 
starting on page 4-50. 


If Incorrect 

(Note: Jumper iiE to JF on the Display/Control 
board must be absent for the following check.) 

To check the levels of ICs 0, J and 6 pin 4, 
stop the computer and examipe to location 000. 
Lift the SIN%E STEP switch twicd^jalth the above 
program deposited Into ipempry. If pin 10 of jtC K 
Is LOW, trace ,th.e, SpUT i® 9 lc % the: CPU board. 

If pin 11 of IC;K;1s LOW, trace.thp PWR slgnai; 
to IC M on the CPU board. Check'any suspected 
ICs according to the Instructions on page 4-5. 


Q 





SECTION V 



PAGE 5.1 /(5.2 Slonk) 




o 





o 





o 


SECTION V 


ASSEMBLY 


5-1. GENERAL 

Section V contains instructions for 
the circuit and mechanical construc¬ 
tion of the Altair 8800b computer. 
Included in this section are assem¬ 
bly hints, detailed component in¬ 
stallation instructions, and printed 
circuit board and main frame assem¬ 
bly instructions. 

5-2. ASSEMBLY HINTS 

Before beginning the construction 
of your unit, it is important that 
you read the "MITS Kits Assembly 
Hints" booklet included with your 
kit. Pay particular attention to 
)the section on soldering, because 
most problems occur as the result 
of poor soldering. It is essential 
that you use the correct type of 
soldering iron. A 25-30 watt iron 
with a chisel tip (such as an Ungar 
776 with a 7155 tip) is recommended 
in the assembly hints booklet. 


NOTE 

Some important warnings are 
also included in the hints 
booklet. Read them care¬ 
fully before you begin work 
on your unit -- failure to 
heed these warnings could 
cause you to void your war¬ 
ranty. 


Check the contents of your kit 
against Appendix B (Parts List) in 
this manual to make sure you have 
all the required components, hard¬ 
ware, and parts. The components 
are in plastic envelopes; do not 
open them until you need the com¬ 
ponents for an assembly step. You 
will need the tools called for in 
the “MITS Kits Assembly Hints" 
booklet. 
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As you construct your kit, follow 
the Instructions In the order they 
are presented In the assembly man¬ 
ual. Always complete each section 
before going on to the next. Two 
organizational aids are provided 
throughout the manual to assist 
you: 1) Boxed off parts Identifi¬ 
cation lists, with spaces provided 
to check off the components as they 
are Installed; 2) reproductions of 
the sllkscreens showing previously 
Installed components, components 
being Installed, and components yet 
to be Installed (Figure 5-1). 



5-1. Typical 
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components 
yet to be 
installed 


components 

being 

Installed 











_ PRINTED CIRCUIT BOARD VISUAL INSPECTION 

c 

It is recommended that a visual inspec¬ 
tion of the PC Board(s) in your kit be 
made before beginning the assembly pro¬ 
cedures. 

Look for etching "bridges" or etching 
"opens" in the printed circuit lands, 
as shown in the drawings below: 




This could also appear as a 
"hairline" cut. 


A thorough visual inspection will elim¬ 
inate one possibility for errors, should 
the board not operate properly after it 
is assembled. Troubleshooting efforts 
may then be concentrated elsewhere. 



5-4 A 











o 




5-3. 


COMPONENT INSTALLATION INSTRUCTIONS 


Pages 5-6 through 5-12 describe the proper procedures 
for installing various types of components in your 
kit. 

Read these instructions over very carefully and refer 
back to them whenever necessary. Failure to properly 
install components may cause permanent damage to the 
component or the rest of the unit; it will definitely 
void your warranty. 

More specific instructions, or procedures of a less 
general nature, will be included within the assembly 
text itself. 

Under no circumstances should you proceed with an 
assembly step without fully understanding the proce¬ 
dures involved. A little patience at this stage will 
save a great deal of time and potential "headaches" 
later. 



5-4. Resistor Installation Instructions 


o 


Resistors have four (or possibly five) color-coded bands 
as represented in the chart below. The fourth band is gold or 
silver and indicates the tolerance. NOTE: In assembling a 
HITS kit, you need only be concerned with the three bands of 
color to the one side of the gold or silver (tolerance) band. 
These three bands denote the resistor's value in ohms. The 
first two bands correspond to the first two digits of the 
resistor's value and the third band represents a multiplier.. 


For example: a resistor with red, 
violet, yellow and silver bands has a 
value of 270,000 Ohms and a tolerance 
of 10%. By looking at the chart below, 
you see that red is 2 and violet 7. By 
multiplying 27 by the yellow multiplier 
band ( 10 , 000 ), you find you have a 
270,000 ohm (270K) resistor. The sil¬ 
ver band denotes the 10 % tolerance. 

Use this process to choose the correct 
resistor called^ fpr in the manual. 


2ND BAND 
VIOLET 

1ST BAND 
RED 


4TH BAND 
SILVER 



3RD BAND 
YELLOW 


RESISTOR COLOR CODES 

COLOR 

BANDS 

1&2 

3rd BAND 
(Multiplier) 

Black 

0 

1 

Brown 

1 


Red 

2 

IO 3 

Orange 

3 


Yellow 

4 


Green 

5 


Blue 

6 

IO 7 

Violet 

7 


Gray 

8 


White 

9 

10 


Use the following procedure to install 
the resistors onto the boards. Make 
sure the colored bands on each resistor 
match the colors called for in the list 
of Resistor Values and Color Codes given 
in the assem±)ly instructions. 


1-. Using needle-nose pliers, bend the 
leads of the resistor at right an- 
gles to match their respective holes 
on the PC board. 

2. Install the resistor into the cor¬ 
rect holes on the silk-screened side 
of the PC board. 

3. Holding the resistor in place witri 
one hand, turn the board over and 
bend the two leads slightly outwar-.. 

4. Solder the leads to the foil pattt. 
on the back side of the board; then 
clip off any excess lead lengths. 
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5-5. Capacitor Installation Instructions 

A. Electrolytic Capacitors 

Pola rity must be noted on elect roly¬ 
ti c ~capacrtors'~Ee ?ore~They~ are Th- 
stil led . 

The electrolytic capacitors con¬ 
tained in your kit may have one or 
possibly two of three types of pol¬ 
arity markings. To determine the 
correct orientation, look for the 
following. 



B. Epoxy Dipped Tantalum, Epoxy 
Dipped Ceramic, and Ceramic Disk 
Capacitors 

P olar ity must be_ noted on_jj?px y 
di pped tarTta Tuin ~capa'citor~ s~ be? orc 
they are i ns ta11 e<r .~ 

There are two types of epoxy dipped 
tantalum capacitors contained in you 
your kit. The first type is blue on 
the positive side. The second type 
is marked with "+" signs on the 
positive side. Both types of epoxy 
dipped tantalum capacitors are 
shown in the drawings below. 



One type will have plus (+) signs 
on the positive end; another will 
have a band or a groove around the 
positive side in addition to the 
plus signs. The third type will 
have an arrow on it; in the tip 
of the arrow there will be a neg¬ 
ative (-) sign. The capacitor must 
be oriented so the arrow points to 
the negative side. 

Install the electrolytic capacitors 
using the following procedure. Make 
sure you have the correct capacitor 
value before installing each one. 

1. Bend the two leads of the cap¬ 
acitor at right angles to con- 

■ form to their respective holes 
on the board. Insert the cap¬ 
acitor into the holes on the 
silk-screened side of the 
board, aligning the positive 
side with the signs printed 
on the board. 

2. Holding the capacitor in place, 
turn the board over and bend the 
two leads slightly outward. Sol¬ 
der the leads to the foil (bot¬ 
tom) side of the board and, clip 
off any excess lead lengths. 


The epoxy dipped ceramic capacitors 
and the ceramic disk capacitors are 
non-polarized. 

These two types of capacitors are 
shown in the drawings below. 


Epoxy Dipped Ceramic Disk 

Ceramic Capacitor Capacitor 

Install these 4 types of capacitors' 
using the following procedure. Make 
sure you have the correct capacitor 
value before installing each one. 

1. Bend the two capacitor leads to 
conform to their respective holes 
on the board. 

2. Insert the capacitor into the cor¬ 
rect holes from the silk-screened 
side of the board. Holding the 
capacitor in place, turn the board 
over and bend the two leads slight 
ly outward. 




3. Solder the two leads to the foil 
(bottom) side of the board and, 
clip off any excess lead lengths. 


Page 5-7 



5-6. Diode Installation Instructions 


NOTE ; Diodes are marked with a bcind on 
one end indicating the cathode end. 

Each diode must be installed so that 
the end with the band is oriented towards 
the band printed on the PC board . Fail¬ 
ure to orient the diodes correctly may 
result in permanent damage to your unit. 



Use the following procedure to install ' 
diodes onto the board. Refer to the list 
of Diode Part Numbers included for each 
board to make sure you install the correct 
diode each time. 


1. Bend the leads of the diode at right 
angles to match their respective 
holes on the board. 

2. Insert the diode into the correct 
holes on the silk screen, making 
sure the cathode end is properly 
oriented. Turn the board over and 
bend the leads slightly outward. 

3. Solder the two leads to the foil 
pattern on the back side of the 
board; then clip off any excess 
lead lengths. 


5-7. Transistor Installation Instructions 


To install transistors, use the fol¬ 
lowing instructions. 

NOTE; Always check the part number of 
each transistor before you install it. 
(See listing of Transistor Part Nvimbers 
for each board.) Some transistors look 
identical but differ in electrical char¬ 
acteristics, according to part number. 

If you have received substitute part 
numbers for the transistors in your kit, 
check the Transistor Identification 
Chart which follows these instructions 
to be sure you make the correct siab- 
stitutions. 

NOTE; Always make sure the transistor 
is oriented so that the emitter lead is 
installed in the hole on the PC board 
labeled with an "E". To determine 
which lead is the emitter lead, refer to 
the Transistor Identification Chart. 

1. After the correct trcuisistor has 
been selected and the leads have 
been properly oriented, insert the 
transistor into the holes on the 
silk-screened side of the board. 

2. Holding the transistor in place, 

turn the board over and bend the 
three leads slightly outward.' * 

3. Solder the leads to’ the foil pattern 
on the back side of the board; then 
clip off any excess lead lenghts. 
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TRANSISTOR IDENTIFICATION CHART 



SMALL 

FLAT 



EN2907’*' 
€84436 
CS4439 
CS4437 
CS44I0 
2N42SO 
2N3642 
2N3649 (NO FLAT) 







<’] r° 

D ^ 


MPF-i09 

MPF-IH 



TIS98 
TiS 92 



FLAT 





OI3T2 

2N6028 



ST2907 
ST 98 
S38473 
2N62IO 

2N4410 

EN4410 

PN2907 

2N2907 

EN2907* 


IN THE-ILLUSTRATION ABOVE THE OUTLINE OF EACH TYPE OF TRANSISTOR IS 
SHOWN ABOVE THE PADS ON THE CIRCUIT BOARD WITH THE CORRECT DESIGNA¬ 
TION FOR EACH OF THE THREE LEADS. USE THIS INFORMATION TOGETHER WITH 
THE INFORMATION IN THE ASSEMBLY MANUAL FOR THE CORRECT ORIENTATION OF 
THE TRANSISTORS AS YOU INSTALL THEM. 

THE FOLLOWING IS A LIST OF POSSIBLE SUBSTITUTIONS: IF ANY OTHERS ARE 
USED YOU WILL RISK DAMAGING YOUR UNIT: 

2N4410 = EN4410 = CS4410 = CS4437, CS4438, TIS98, ST98, S38473 (NPN) 
EN2907 = 2N2907 = PN2907 = ST2907-, CS4439 (PNP) 

WHEN MAKING SUBSTITUTIONS, REFER TO THE ILLUSTRATION TO DETERMINE THE 
CORRECT ORIENTATION FOR THE THREE LEADS. 

^Configuration of the leads on EN2907 may vary. 


Page 5-9 




o 


5-8. IC Installation Instructions 

AIJ. rCo must be oriented so that the notched end is toward Llie end witli the 
arrowhead printed on the PC board . Pin 1 of the IC should correspond with 
the pad marked with the arrowhead. If the IC does not have a notch on one 
end, refer to the IC Identification Chart to identify Pin 1. 

To prepare ICs for installation ; 

All ICs are damaged easily and should be handled carefully — especially 
static-sensitive MOS ICs. Always try to hold the IC by the ends, touching 
the pins as little as possible. When you remove the IC from its holder, 
CAREFULLY straighten any bent pins using needle-nose pliers. All pins 
should be evenly spaced and should be aligned in a straight line, perpen¬ 
dicular to the body of the IC itself. 


A. Installing ICs without sockets: 


B. Installing ICs with sockets; 


1. Orient the IC so that Pin 1 coincides 
with the arrowhead on the PC board. 

2. Align the pins on one side of the IC 
so that just the tips are inserted 
into the proper holes on the board. 

3. Lower the other side of the IC into 
place. If the pins don't go into 
their holes right away, rock the IC 
back, exerting a little inward 
pressure, and try again. Be patient. 
The tip of a small screwdriver may 
be used to help guide the pins into 
place. When the tips of all the pins 
have been started into their holes, 
push the IC into the board the rest 
of the way. Tape the IC to the 
board with a piece of masking tape. 

4. Turn the board over and solder each 
pin to the foil pattern on the back 
side of the board. Be sure to sol¬ 
der each pin and be careful not to 
leave any solder bridges. Remove 
the masking tape. 


1. Referring to the drawing below, set 
the IC socket into the designated 
holes on the board and secure it 
with a piece of masking tape. 



2. Turn the board over and solder each 
pin to the foil pattern on the back 
side of the board. Be sure to solder 
each pin and be careful not to leave 
any solder bridges. Remove the mask- - 
ing tape. 

3. Orient the IC over the socket so that 
Pin 1 coincides with the arrowhead 

on the PC board. 

4. Align the pins on one side of the 
socket so that just the tips are 
inserted into the holes. 


WARNING : 

Make sure none of the pins have been 
pushed underneath the IC during 
insertion. 
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5. 


Lower the other side of the IC into 
place. If the pins don't go into 
their holes right away, rock the IC 
back, exerting a little inward pres¬ 
sure, and try again. Be patient. 
When the tips of all the pins have 
been started into their holes, push 
the IC into the socket the rest of 
the way. 





MOS IC SPECIAL HANDLING PRECAUTIONS 


There are several MOS integrated circuits 
contained in this kit. These IC's are 
very sensitive to static electricity and 
transient voltages. In order to prevent 
damaging these components, read over the 
following precautions and adhere to them 
as closely as possible. FAILURE TO DO SO 
MAY RESULT IN PERMANENT DAMAGE TO THE IC. 


1) All equipment (soldering iron, tools, 
solder, etc.) should be at the same 
potential as the PC board, the assem¬ 
bler, the work surface and the IC it¬ 
self along with its container. This 
can be accomplished by continuous 
physical contact with the work sur¬ 
face, the components, and everything 
else involved in the operation. 

2) When handling the IC, develop the 
habit of first touching the conduc¬ 
tive container in which it is stor¬ 
ed before touching the IC itself. 

3) If the IC has to be moved from one 
container to another, touch both 
containers before doing so. 

4) Do not wear*clothing'which will build 
up static charges. Preferably wear 
clothing made of cotton rather than 
wool or synthetic fibers. 


5) Always touch the PC board before 
touching the IC to the board. Try 
to maintain this contact as much as 
possible while installing the IC. 

6) Handle the IC by the edges. Avoid 
touching the pins themselves as much 
as possible. 

7) Dry air moving over plastic can result 
in the development of a significant 
static charge. Avoid placing the IC 
near any such area or object. 

8) In general, never touch anything to 
the IC that you have not touched 
first while touching both it and the 
IC itself. 
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INTEGRATED CIRCUITS (IC's) CAN COME WITH ANY ONE OF, OR A COMBINATION 
OF, SEVERAL DIFFERENT MARKINGS. THESE MARKINGS ABE VERY IMPORTANT IN 
DETERMINING THE CORRECT ORIENTATION FOR THE IC's WHEN.THEY ARE PLACED 
ON THE PRINTED CIRCUIT BOARDS. REFER TO THE ABOVE DRAWING TO LOCATE 
PIN 1 OF THE IC's, THEN USE THIS INFORMATION IN CONJUNCTION WITH THE 
INFORMATION BELOW TO PROPERLY ORIENT EACH IC FOR INSTALLATION. 


WARNING: INCORRECTLY ORIENTED IC's MAY CAUSE PERMANENT DAMAGE! 




THE DRAWING ON THE LEFT INDICATES VARIOUS 
METHODS USED TO SHOW THE POSITION OF IC's 
ON THE PRINTED CIRCUIT BOARDS. THESE ARE 
SILK-SCREENED DIRECTLY ON THE BOARD. THE 
ARROWHEAD INDICATES THE POSITION FOR PIN 
WHEN THE IC IS INSTALLED. 


B 






5-9. INTERFACE CARD ASSEMBLY 


5-10. IC INSTALLATION (Figure 5-2) 

Install the following 22 integrated 
circuits (Bag 1) on the Interface 
Card according to the IC Installation 
Instructions, Section A, given on 
page 5-10. IC 6 will be installed 
with a 24-pin socket according to the 
IC Installation Instructions, Section 
B, page 5-10. 

The chart below lists the 22 ICs, 
their corresponding part numbers, 
and acceptable part substitutions. 


IC Part Numbers 


{ ) C.E.M.P.R.T 
U.V.W.X.Y 

74LS04 or 74LS14 

( ) a,b,l 

74LS20 or 74LS13 

M F,H,N,S 

74367 or 8097 or 
8T97 

(K) J 

7400 or 74LS00 

(?<) 0 

7402 or 74LS02 

( ) K 

7410 or 74LS10 ' 

1 

(y) 6 (with 

socket) j 

8212 










5-11. RESISTOR INSTALLATION (Fiaurs 

si T i 

Install the 7 resistors, R1 through 
R7 (Bags), on the Interface Card 
according to the Resistor Installation 
Instructions given on page 5-6. 



Save the excess resistor 
leads for use in Paragraph 
5-15. 


Resistor Values 

('/O R1 through R7 2.2K ohm (red, 

red, red) 1/2W 

—__or 1/4W 




1 ill 111 ■ 


5-3. Interface Resistor Installation 
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5-12. SUPPRESSOR CAPACITOR INSTALL¬ 
ATION (Figure 5-4) 


5-13. CAPACITOR INSTALLATION 
(Figure 5^ 


There are 22 suppressor capacitors 
(Bag 2) to be installed on the Inter¬ 
face Card. These capacitors are 
used for noise suppression. They 
are located next to the ICs on the 
silkscreen, but they have no indivi¬ 
dual component designations. In¬ 
stall the suppressor capacitors 
according to the Ceramic Disk Cap¬ 
acitor Installation Instructions 
given on page 5-7. 


Suppressor Capacitor Values 

(^ 22 suppressor O.luf, 12V or 

capacitors_O.luf, 16V 


NOTE 

Save the clipped off capa¬ 
citor leads for use as 
jumper wires in Paragraph 
5-14. 


Install the two electrolytic capa¬ 
citors, Cl and C3 (Bag 2), and the 
two ceramic disk capacitors, C2 and 
C4 (Bag 2), according to the instruc¬ 
tions given on page 5-7. 

The chart below lists the 4 capaci¬ 
tors and their values. 


Capacitor Values 

(A) Cl, C3* 20uf - 35uf, 12V - 20V, 
electrolytic 

(>0 C2, C4 O.luf, 12V or O.luf, 
16Vi ceramic disk 


*C1 and C3 may have any value within 
the range shown. 





















JUMPEi 

R CONNECTIONS 




RRiTE BEAD INSTALLATION 


(ngure b-o) 


There are two jumper wires to be 
installed on the Interface Card. 
Use the capacitor leads saved from 
the Suppressor Capacitor Installa¬ 
tion. Cut two leads, to 1-inch 
lengths, and jumper the following 
pads on the Interface Card. 



Install the three ferrite beads, LI 
through L3 (Bag 3), according to the 
following instructions. 

1. Using the resistor leads saved 
from Paragraph 5-11, cut three 
1-inch lead lengths. 

2. Insert a lead through the bead, 
and bend the ends so they con¬ 
form to their designated holes 

- on the Interface Card. 

3. Insert the leads into the card, 
and solder to the foil (bottom) 
side of the card. Be sure not 
to leave any solder bridges and 
clip off any excess lead lengths. 


4 

■ 'ffri 

4B JO 

i' 


5-5. Interface Jumper Connections 
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5-6. Interface Ferrite Bead Installation 












5-16. VOLTAGE REGULATOR INSTALLATION 
(Figure 5-7) 

Install the voltage regulator, VRl 
(Bag 1), and heat sink on the In¬ 
terface Card according to the follow¬ 
ing instructions. 

1. Set the regulator in place on 
the silk-screened side of the 
Interface Card, aligning the 
leads with their designated holes. 


2. Use needle-nose pliers to bend 
each of the three leads at a 
right angle to conform to its 
proper hole on the card. 


3. Referring to Figure 5-7, set the 
regulator and heat sink in place 
on the silk-screened side of the 
card. Secure them in place with 
a #6-32 X 3/8 inch screw, a #6. 
lockwasher, and a #6-32 nut. 

4. Solder the three leads to the 
foil (bottom) side of the card. 

Be sure not to leave any solder 
bridges. 

5. Clip off any excess lead lengths. 


Vo.ltage Regulator Part Number 
(?V) VRl 7805 


NOTE 

Use heat sink grease when in¬ 
stalling this component. 

Apply the grease to all metal 
surfaces which come in contact 
with each other. 



#6-32 X 3/8" 
Screw 


HEAT 

SINK 



5-7. Interface Voltage Regulator Installation 
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5-17. MALE CONMECTQR INSTALLATION 
(Figure 5-3) 

Install cna 10-pin Male Connector, 

?3 (Bag 3), on the Interface Card 
according to the following instruc¬ 
tions, 

♦ • 

1. Orient the connector as shown in 
Figure 5-8, with the bent pins 
pointing towards the top of the 
card. 

2. Insert the short pins into the 
10 designated holes on the silk- 
screened side of the card. 


3. Solder each pin to the foil 
(bottom) side of the card. I'e 
sure not to leave any solder 
bridges. 

4. Clip off any excess, lead lengths. 


5. 


The arrow on the silkscreen 
points to Pin #1. After in¬ 
stalling the male connector, 
clip off pin #2 of the con¬ 
nector. This is done for 
keying purposes. Further 
keying instructions are 
given in Paragraph 5-76. 



5-8. Interface Male Connector Installation 
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RIBBON CABLE PLUG INSTALLA- 
TION (FIGURE 5-9) 


Install the two ribbon cable plugs, 
PI and P2 (Bag 4), on the Interface 
Card according to the folljowing in¬ 
structions. 


1. Orient the Ribbon Cable Plug as 
shown in Figure 5-9, so that 
the socket end of the plug 
hangs over the left side of the 
card. 


2. Insert the pins into their pro¬ 
per holes and solder each pin to 
the foil (bottom) side of the 
card. Be sure not to leave any 
solder bridges. 


NOTE 

The socket end of the Ribbon 
Cable Plug will be connected 
later in Paragraph 5-75. 
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5-19. DISPLAY/CONTROL BOARD ASSEMBLY 

5-20. IC SOCKET AND IC INSTALLATION 
(Figure 5-10) 

there are 4 ICs, A, G, T, B1 (BaglO), 
to be installed with sockets on the 
Display/Control Board. Install 
these sockets and ICs according to 
the Integrated Circuit Installation 
Instructions, Section B, given on 
page 5-10. 


Si1kscreen 
Designation 

IC Part 
Number 

Socket 

Size 

( ) A, T, B1 

8212 

24-pin 

( ) s 

1702A* 

24-pin 

1 *IC G is a programmed PROM IC 

1 labelled "B D/C. 

_ 


C 


OoHo 




° =(i .0 .1) .0 =0 J (I. r Innf I Jo J I JO ^ OnJ \M, 4 ^^ 
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5-10. Display/Control IC Socket and IC Installation 
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5-n. Display/Control IC Installation 











































5-22. RESISTOR INSTALLATION 
(Figure 5-12) 

There are 76 resistors (Bags 2, 3, 
and 4) to be installed on the Dis¬ 
play/ Control* Board. One of these 
resistors, R76, must be installed 
on the back of the board. Install 
the resistors according to the Re¬ 
sistor Installation Instructions 
given on page 5-6. Install R76 
as shown by the dotted outline on 
the silkscreen below. 


Resistor Values 

( ) R2-R19, R21, R22. R24-R26, 
R28-R30, R32-R41, R73 

220 ohm (red, red, brown) 1/2W 

( ) R50, R75 

100 ohm (brown, black, brown) 1/2W 

( ) R66 

470 ohm (yellow, violet, brown) 1/2W 

( ) R20 

IK ohm (brown, black, red) 1/2W 

( ) Rl, R23, R27, R31, R42-R49, 
R51-R65, R67-R72, R74 

2.2K ohm (red, red, red) 1/2W 

( ) R76 

5 ohm (wire wound resistor; has no 
color codes) 5W 


NOTE 

Save any excess resistor 
leads for jumper connec¬ 
tions in Paragraph 5-24 
and for ferrite bead in¬ 
stallation in Paragraph 
5-28. 
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5-12. Display/Control Resistor Installation 
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5-23. RESISTOR PACK inSTALLATION 
(Figures 5-13 and 5-14} 

According to supply variations, your 
kit will contain either one resistor 
pack, RPl (Bag 2), or 5 individual 
4.7K-ohm resistors to be substituted 
for RPl. 


A. Resistor Pack (Figure 5-13) . Use 
the following instructions to 
install the resistor pack as 
shown in Figure 5-13. 


1. The resistor pack has a small 
dot printed at one end. This 
dot must correspond with the 
dot printed on the PC Board. 
Insert the resistor pack per¬ 
pendicular to the silk-screened 
side of the board, aligning the 
small dots. 


2. Solder each pin of the resistor 
pack to the foil (bottom) side 
of the board. 3a careful not 
to leave any solder bridges. 

3. Clip off any excess lead lengths. 


Resistor Pack 

Value 

( ) RPl 

4.7K ohms 



5-13. Display/Control Resistor 
Pack Installation 
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o. Substitute Resistors (Figure 
5-14) . your kit is not 
supplied with a resistor pack, 
use the following instructions 
to install the 5 substitute re¬ 
sistors. 


1. The resistor pack designation 
on the silkscreen has 5 holes. 
The left-most hole is marked 
on the silkscreen with a small 
dot. Vertically insert one re¬ 
sistor into the right-most hole 
on the board. Bend the top lead 
at a right angle as shown in 
Figure 5-14A until it is para¬ 
llel with the board. Then bend 
the end of the lead at a right 
angle so that it may be inser¬ 
ted into the left-most hole 
marked with a small dot. 

. Solder the two inserted leads to 
the foil (bottom) side of the 
board. 


3. Insert the remaining four re¬ 
sistors vertically into the 
designated holes on the silk¬ 
screen. Solder each of the top 
leads to the common horizontal 
lead as shown in Figure 5-14A. 

It may be helpful to bend the 
top leads against the horizontal 
lead for better contact before 
soldering. 

4. Solder the inserted leads of the 
four resistors to the foil (bot¬ 
tom) side of the board. Clip 
off all excess leads from the 
top and bottom of the resistors. 
The properly completed resistor 
assembly is shown in Figure 5-14B. 




(B) 

5-14. Display/Control Substitute 
Resistor Assembly 
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JUMPER CCNMECTIONS 
(Figure 5-15) 


NOTE 

The following jumper con¬ 
nections are installed for 
standard 8800b operations. 
Refer to Paragraph 3-40 
for jumper options. 


There are two jumper wires to be 
installed on the Display/Control 
Board. Use the resistor leads 
saved from Paragraph 5-22 as jumper 
wires. Cut two leads to 1-inch 
lengths and jumper the following 
pads on the Display/Control Board. 


Jumper Connections 

( ) JE to JF 
( ) JA to JO 


















5-25. 


SUPPRESSOR CAPACITOR INSTALL¬ 
ATION (Figure 5-16) 


There are 22 suppressor capacitors 
(Bag 6) to be installed on the Dis¬ 
play/Control Board. These capaci¬ 
tors are used for noise suppression. 
They are located next to the ICs on 
the silkscreen, but they have no 
individual component designations. 

Note that there is not enough space 
between PI and Rl; R1 and U1; and 
U1 and VI for the suppressor cap¬ 
acitors to fit on the top of the 
board. These three capacitors will, 
therefore, be installed on the back 
of the board. 


Install all 22 suppressor capacitors 
according to the Ceramic Disk Capa¬ 
citor Installation Instructions 
given on page 5-7. 


Suppressor Capacitors Value 

( ) 22 suppressor 

capacitors .luf, 12V 


C 
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' 5-16. Display/Control Suppressor Capacitor Installation 
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CAPACITOR INSTALLATION 
(Fiaure 5-17) 


Thare are two types of capacitors to 
be installed on the Display/Control 
Board. C2, C4, C8, and C9 (Bag 5) 
are dipped tantalum capacitors, 
rney are marked with a plus sign on 
the positive side. Be sure to ori¬ 
ent this plus sign with the plus 
sign on the silkscreen before in¬ 
stalling each dipped tantalum capa¬ 
citor. Cl, C3, C5, C6, C7, CIO, and 
Cll (Bags) are ceramic disk capa¬ 
citors. They need no polarity ori¬ 
entation. Install the dipped tant¬ 
alum capacitors and the ceramic disk 
capacitors according to the Epoxy 
Dipped Tantalum and Ceramic Disk 
Capacitor Installation Instructions 
given on page 5-7. 


Capacitor Values 


( ) C2, C^ 


22uf, 35V, dipped 


tantalurn 


( ) C8, C9 


47uf, 16V, dipped 
tantalum 


( ) Cl, CIO, Cll .luf, 12V or 

.luf, 16V 


( ) C3 


.luf, 50V (SK .Im) 


( ) C5, C6, C7 .OOluf 


5 £ S Cn C2 C3 C4 


^ I I 

















5-27. DIODE INSTALLATION (Figure 

EM- 

Install the 2 diodes, D1 and D2 
(Bag 2), on the Display/Control 
Board according to the Diode In¬ 
stallation Instructions given on 
page 5-8. 


Diode 

Part Number 

( ) Dl, D2 

IN914 


5-28. FERRITE BEAD INSTALLATION 
(Figure 5-18) ' 

Install the three ferrite beads, LI 
through L3 (Bag 2), on the Display/ 
Control Board according to the fol¬ 
lowing Instructions. 

1. Using the resistor leads saved 
from Paragraph 5-22, cut three 
l-1nch lead lengths. 

2. Insert the lead through the 
bead and bend the ends of the 
lead to conform to the desig¬ 
nated holes on the Display/ 
Control Board. 

3. Insert the lead Into the proper 
holes from the silk-screened 
side of the board, and solder 
to the foil (bottom) side of 
the board. Be sure not to 
leave any solder bridges. 

4. Clip off any excess lead 
lengths. 
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5-18. Display/Control Diode 

and Ferrite Bead Installation 


Page 5-29 





5-29. VOLTAGE REGULATOR INSTALLA- 
TION (Figure 5-19) 

Install the two voltage regulators, 
VRl and VR2 (Bag 1), on the Display/ 
Control Board according to the fol¬ 
lowing instructions. 

1. Set the regulator in place on 
the silk-screened side of the 
board, aligning the leads with 
their designated holes. 

2. Use needle-nose pliers to bend 
each of the three leads at a 
right angle to conform to its 
proper hole on the board. 



#6-32 X 1/4" 
Screw 


3. Referring to Figure 5-19, set 
the regulator in place on the 
silk-screened side of the board. 
Secure in place with a #6-32 x 
1/4" screw, a #6 lockwasher, 
and a #6-32 nut. 

4. Solder the three leads to the 
foil (bottom) side of the board. 
Be sure not to leave any solder 
bridges. 


5. Clip off any excess lead 
lengths. 


Voltage Regulator 

Part Number 

( ) VRl 

79M08 

( ) VR2 

7805 


I 

1 
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5-19. Display/Control Voltage Regulator Installation 


















5-30. SWITCH INSTALLATION (Figure 
- — — 


There are 25 switches (Bags 7 and 
8) to be installed on the Display/ 
Control Board. S2 through S9 are 
momentary contact switches (i.e. 
they return to center position auto¬ 
matically when released). SAO 
through SA15 and SI are latching 
type switches (i.e. they remain in 
either the up or down position). 

To insure that all 25 switches are 
perfectly aligned, the Sub Panel 
will be temporarily installed at 
this time. Install the switches 
according to the following instruc¬ 
tions. 


C 


NOTE 

Set aside 25 of the nuts 
provided with the switches. 
The rest of the hardware 
associated with the switches 
will not be used. 



1. With the notched side facing the 
bottom edge of the board, insert 
all 25 switches into the silk- 
screened side of the Display/ 
Control Board as shown in Figure 
5-20A. Do not solder the 
switches at this time . 

2. Place the Sub Panel over the 
Display/Control Board so that 
the switches come up through 
the proper switch holes on the 
Sub Panel. Secure the Sub Panel 
in place by placing one 1/4 x 
28 nut over each switch (Figure 
5-20A). 



5-20(A). Display/Control Switch Installation 
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3. Solder all 3 oins of each switch 
to the foil (bottom) side of 
the Display/CoTitrol Board. 

Make sure the Oisplay/Control 
Board is pressed tightly against 
each switch as it is soldered. 

If there is any "play" between 
the switches and the Display/ 
Control Board, the alignment on 
the final display will not be 
straight . 

4. After all of the switches have 
been installed, remove the nuts 
from the switches and set aside 
for use in Paragraph 5-31. 

5. Remove the Sub Panel from the 
Display/Control Board. 


Switch 1 

I 

r- ’ 

( ) SAG through 

! 

SA15 and SI 

latching type 

( ) S2 through S9 

momentary con¬ 
tact type 



5-20(B). Display/Control Switch Installation 
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5-31. LED INSTALLATION AND SUB 

PANEL INSTALLATION (Figures 
5-21 through 5-25) 

There are 36 LEDs, RL-21 (Bag 9), to 
be installed on the Display/Control 
Board. The Sub Panel will also be 
Installed at this time. Install the 
LEDs and the Sub Panel according to 
the following instructions. 

1. Place two of the nuts saved 
from Paragraph 5-30 over each 
of the following switches: 

SAO, S9, SI, SA15, S5, as 
shown in Figure 5-21. Thread 
the nuts down as far as they 
will go. Place masking tape 
over the LED holes on the Sub 
Panel as shown in Figure 5-22. 



5-21. Display/Control Switch Nut Placement 

C 
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V/1 th the cathode lead correctly 
oriented (Figure 5-23A) Insert 
all 36 LEDs Into their respec¬ 
tive holes from the silk-screened 
side of the board, as shown In 
Figure 5-23B. 


RL-21 


NOTE 



CATHODE 


Do not solder the LED 
leads at this time. 


♦Symbol as shown 
on board. 


3. 


Place the Sub Panel over the 
Display/Control Panel and tape 
together as shown in Figure 5-24. 



Cathode 


5-23. Display/Control LED OrientationQ 
and Installation 


Display/Control Board 



Sub Panel 


5-24. Securing Sub Panel Over Display/Control Board 
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Turn the Sub Panel to the bottom 
and adjust the LEDs until the 
top of each LED touches the tape 
as shown In Figure 5-25. 



5-25. Display/Control LED Adjustment 


WARNING! 

LEDs are heat-sensitive. 
Use a minimum amount of 
heat for a minimum length 
of time when soldering 
them. 


Be sure not to leave any solder 
bridges, and clip off any ex¬ 
cess lead lengths. 

6. Remove all pieces of masking 
tape. 

7. Remove the Sub Panel from the 
Display/Control Board. 


5. 



Solder the LED leads to the foil 
(bottom) side of the Display/ 
Control Board. During this pro¬ 
cedure it is advisable to prop 
the boards from underneath so 
that the switches are not rest¬ 
ing on the work surface. 


8. Remove the nuts from SAG, S9, 
SI, SA15, and S5. 

9. Place the Sub Panel over the 
Display/Control Board and se¬ 
cure by placing one nut on 
each switch on the Display/ 
Control Board. 


Q 


Page 5-35/Page 5-36 (blank) 
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5-32. CPU BOARD ASSEMBLY 

5-33. IC INSTALLATION (Figure 5-26) 

Install the following 17 integrated 
circuits (Bag 2) on the CPU Board 
according to the Integrated Circuit 
Installation Instructions, Section 
A, given on page 5-10. 


NOTE 

Do not install ICs A, K, 
and M at this time. In¬ 
stallation instructions 
for these ICs are given 
in Paragraph 5-43. 


The following chart lists each 
integrated circuit, its part 
number, and acceptable substi¬ 
tutions. 

C 


IC 

Part Numbers 

(/■) d,e 

8216 

(X) F 

8224 

( ) N,P,R,U, 

v,w,x 

74367 

( ) S,Y 

74LS14 or 74LS04 

( ) c 

74LS13 or 74LS20 

( ) B,G 

74LS04 

( ) L,J 

8T98 or 8098 
or 74368 



5-26. CPU IC Installation 
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5-34. RESISTOR INSTALLATION 
(Figure 5-27) 

Install the following 46 resistors 
(Bags 3 and 4) on the CPU Board ac¬ 
cording to the Resistor Installation 
Instructions given on page 5-6. 


MOTE 

Save any excess resistor 
leads for ferrite bead 
installation in Paragraph 
5-38. 


Resistor Values 


()0 R3-R7, Rll, R13, R14. R19, R20, 
R24, R25, R28-R33, R39-R43, R50 

(A) Rl, R2, R8, R26, R27, R37, R38, 
R44-R49 

(V) R9 

(0 R16 

( f) R34 

it) RIO 

(/) R21, R23 

(i) R17 

(\) R22 

(?v) R15 


2.2K ohm (red, red, red) 1/2W or 1/4W 

3.3K ohm (orange, orange, red) 1/2W or 1/4W 

15K ohm (brown, green, orange) 1/2W or 1/4W 

IK ohm (brown, black, red) 1/2W or 1/4W 

620 ohm (blue, red, brown) 1/2W 

330 ohm (orange, orange, brown) 1/2W or 1/4W 

470 ohm (yellow, violet, brown) 1/2W or 1/4W 

lOK ohm (brown, black, orange) 1/2W or 1/4W 

10 ohm (brown, black, black) 2W 

100 ohm (brown, black, brown) 1/2W or 1/4W 
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5-27. CPU Resistor Installation 



























5-35. 


SUPPRESSOR CAPACITOR IN¬ 
STALLATION (Figure 5-287 


There are two types of suppressor 
capacitors to be installed on the 
CPU Board. The first type, the 
epoxy dipped tantalum capacitors 
(Bag 6), are blue on the positive 
side and are spherical in shape. 

Be sure to orient the blue side to 
the "+" sign on the silkscreen 
before installing each capacitor. 

The remaining suppressor capacitors 
are ceramic disk capacitors (Bag 5). 
They need no polarity orientation. 
Install both types of capacitors 
according to the Epoxy Dipped 
Tantalum and Ceramic Disk Capacitor 
Installation Instructions given on 
page 5-7. 


Suppressor Capacitor Values 
(XI) 13 dipped 

tantalum luf, 35V 

(/) 20 ceramic disk .luf, 12V 




5-28. CPU Suppressor Capacitor Installation 


Page 5-39 













5-36. CAPACITOR INSTALLATION ■ 
(Flgura 5-29) 

Tnere are 2 dipped tantalum capaci¬ 
tors, 6 electrolytic capacitors, 2 
ceramic disk capacitors, and 3 
dipped ceramic capacitors (Bag 6) 
to be installed on the CPU Board. 
Install each capacitor according to 
the instructions given on page 5-7. 


NOTE 

When installing the dipped 
tantalum and the electro¬ 
lytic capacitors, be sure 
the positive lead is in¬ 
stalled in the hole on 
the silkscreen. 



Cl, 

C5, 

C6, cn 

(xj 

C2 



w 

C3. 

C7, 

CIO 

og 

C4 



w 

C8, 

Cl 2 


ii) 

C9, 

Cl 3 



Capacitor Values 

33uf, 16V, electrolytic 
22uf, 16V, dipped tantalum 
.luf, 50V, dipped ceramic 
lOuf, 16V, dipped tantalum 
.luf, 12V - 16V, ceramic disk 
lOuf, 25V, electrolytic 



5-29. CPU Capacitor Installation 
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5-37. DIODE INSTALLATION (Figure 

Install the two diodes, D1 and D2 
(Bag 4), on the CPU Board according 
to the Diode Installation Instruc¬ 
tions given on page 5-8. 



Diode Part Numbers 
(<.^) D1 1N4730 

(y) D2 1N4733 



CPU Diode Installation 
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5-38. FERRITE BEAD INSTALLATION 
(Figura 3-3T)' 


Install the 7 ferrite beads, LI 
through L7 (Bag 7), on the CPU 
Board according to the following 
instructions. 

1. Using the resistor leads saved 
from Paragraph 5-34, cut five 
1-inch lead lengths. 


2. Insert the lead through the 
bead, and bend the ends so 
they conform to the desig¬ 
nated holes on the CPU Board. 

3. Insert the leads into the 
board, and solder to the foil 
(bottom) side of the board. 

Be careful not to leave any 
solder bridges. 

4. Clip off any excess lead 
lengths. 



5-31. CPU Ferrite Bead Installation 
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C 5-39. VOLTAGE REGULATOR INSTALL¬ 
ATION (Figure 5-32) 

Install the two voltage regulators, 
VRl and VR2 (Bag 2), and heat sinks 
on the CPU Board according to the 
following instructions. 

1. Set the regulator in place on 
the silk-screened side of the 
board, aligning the leads with 
their designated holes. 

2. Use needle-nose pliers to bend 
each of the three leads at a 
right angle to conform to its 
proper hole on the board. 


NOTE 

Use heat sink grease when 
installing this component. 
Apply the grease to all 
metal surfaces which come 
in contact with each other. 


3. Referring to Figure 5-32, set 
the regulator and heat sink 
in place on the silk-screened 
side of the board. Secure 
them in place with a #6-32 x 
3/8” screw, a #6-32 nut, and 
a #6 lockwasher. 

4. Solder the three leads to the 
foil (bottom) side of the board. 
Be sure not to leave any solder 
bridges. 

5. Clip off any excess lead 
lengths. 


Voltage Regulator Part Numbers 
(X) VRl 7805 

ix) VR2 7812 


O 


-#6-32 X 3/8" 


I 

I 




5-32. CPU Voltage Regulator 
Installation 
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5-40. TRAiNSISTOR INSTALLATION 
(Figure 5-33) 

Install the three transistors, Q1 
through Q3 (Bag 4), on the CPU 
Board according to the Transistor 
Installation Instructions given 
on page 5-8. 


Transistor Part Numbers 

( f) Ql, Q2, Q3 2N4410 or C$4410 

5-41. MALE CONNECTOR INSTALLATION 
(Figure 5-33) 

Install one 10-pin Male Connector, 

PI (Bag 7), on the CPU Board ac¬ 
cording to the following instruc¬ 
tions. 

1. Orient the connector as shown in 
Figure 5-33, with the bent pins 
pointing toward the top of the 
board. 


2. Insert the short pins into the 
10 designated holes on the silk 
screened side of the board. 

3. Solder each pin to the foil 
(bottom) side of the board. Be 
sure not to leave any solder 
bridges and clip off any excess 
lead lengths. 

4. The arrow on the silkscreen 
points to Pin #1. After in¬ 
stalling the male connector, 
clip off pin #2 of the connec¬ 
tor. This is done for keying 
purposes. Further keying in¬ 
structions are given on page 
5-75. 



5-33. CPU Transistor and Male Connector Installation 


4 
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INSERT PAGE 



ALTAIR 8800b 


CPU Board Assembly Procedure 

Erratum, Page 5-44, MALE CONNECTOR INSTALLATION 

Kit builder may find that the 10-p1n Male Connector may already be 
Installed on the CPU Board. If It has been Installed, Ignore the Installation 
Instructions. 
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CRYSTAL INSTALLATION (Figure 


Install one 18.00000 MHz crystal, 
XTAL (Bag 7), on the CPU Board 
according to the following instruc¬ 
tions. 

1. Referring to Figure 5-34, set 
the crystal in place on the 
silk-screened side of the CPU 
board, aligning the two leads 
with their respective holes. 

2. Using needle-nose pliers, bend 
each lead at a right angle to 
conform to its respective hole 
on the board. Insert the leads 
so that the crystal is resting 
flat on the board on the square 
labelled "XTAL". 

3. Solder the two leads to the 
foil (bottom) side of the board. 
Be sure not to leave any solder 
bridges. 

4. Clip off any excess lead 
lengths. 


CAUTION 

Make sure the crystal case 
does not come in contact 
with any of the tracks on 
the CPU Board. 


Crystal 

Part Number 

(X) XTAL 

18.00000MHz 



18.00000 MHz 




^3 > 



5-34. CPU Crystal Installation 
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IC SOCKET AND IC INSTALLATION 


(Figure 5-35) 

ICs A, K, and M (Bag 1 ) will be in¬ 
stalled at this time. ICs K and.M 
should be installed, with sockets, 
according to the IC Installation 
Instructions, Section B, on page 
5-10. IC A should be installed 
(without a socket) according to 
the IC Installation Instructions, 
Section A, on page 5-10. 

WARNING! 

ICs A and M are MOS static- 
sensitive ICs. See the "MOS 
IC Special Handling Precau¬ 
tions" on page 5-11 before 
installing these ICs. 


Silkscreen 

Designation 

(%) K 

ffy M 
(4 A 


IC Part 
Number 

8212 


4009 


Socket 

Size 

24-pin 

40-pin 


.CM s-a ^iO<0N>OO 

2 s 2 ce c c ce 

! I ^ c HBBI* 0 f 



I 


91 02 s 




5-35. CPU IC Socket and IC Instillation 
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5-44. POWER SUPPLY BOARD ASSEMBLY 

5-45. CAPACITOR INSTALLATION 
(Figure 5-36T 

Install the 4 electrolytic capacitors 
Cl through C4 (Bag 3), on the Power 
Supply Board according to the Capa¬ 
citor Installation Instructions given 
on page 5-7. 


Capacitor Values 

(x) Cl through C4 2200uf, 25V, 
__ electrolytic 


5-46. RESISTOR INSTALLATION 
(Figure 5-36T 

Install the 2 resistors, R1 and R2 
(Bag 1), on the Power Supply Board 
according to the Resistor Install¬ 
ation Instructions given on page 
5-6. 


Resistor Values 

()() R1 and R2 180 ohm (brown, 
gray, brown) 1/2W 



5-36. Power Supply Capacitor and Resistor Installation 
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5-47. DIODE INSTALLATION (Fiqure 

131 

Install the 2 diodes, D1 and D2 
(Ban ]), on the Power Supply Board 
according to the Diode Installation 
Instructions given on page 5-8. 



5-37. Power Supply Diode Installation 
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5-48. TRANSISTOR INSTALLATION 
(Figure S-SST 

Install the two transistors, Q1 and 
Q2 (Bag 1), mica insulators, and 
heat sinks on the Power Supply Board 
according to the following instruc¬ 
tions. 

1. Set the transistor in place on 
the silk-screened side of the 
board, aligning the leads with 
their designated holes. 

2. Use needle-nose pliers to bend 
each of the three leads at a 
right angle to conform to its 
proper hole on the board. 


NOTE 

Use heat sink grease when 
installing this component. 
Apply the grease to all 
surfaces which come in 
contact with each other. 


NOTE 

According to supply varia¬ 
tions, your kit may contain 
either two #6-32 x 3/8" 
nylon screws (Bag 5), or 
two #4-40 X 3/8" metal 
screws (Bag 5) to be used 
when installing transistors 
Q1 and Q2. If your kit 
contains metal screws, two 
fiber shoulder washers 
(Bag 5) must be used along 
with the screws. To in¬ 
stall the fiber shoulder 
washers, refer to Rgure 
5-38. 


3. Referring to Figure 5-38, set 
the transistor, mica insulator, 
and heat sink in place on the 
siIk-screened side of the 
board. Secure them in place 
with a #6-32 x 3/8" screw, a 
#6 lockwasher, and a #6-32 
nut (Bag ). 


4. Solder the three leads to the 
foil (bottom) side of the board. 
Be sure not to leave any solder 
bridges. 

5. Clip off any excess lead lengths. 



Transistor Part Numbers 

f-) Q1 

TIPI 45 or TIPI 46 

W Q2 

TIPI 40 or TIPI 41 



5-38. Power Supply Transistor Installation 
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-. 19 . BR IDGE RECTIFIER INSTALLA¬ 
TION (Figurs 5-39) 

Install one bridge rectifier, BRl 
{Bag 1), on the Power Supply Board 
according to the following instruc¬ 
tions. 


warning: 

It is essential that the 
bridge rectifier be ori¬ 
ented correctly, so that 
the "+" lead corresponds 
with the "+" hole on the 
Power Supply Board. 


NOTE 

Use heat sink grease when 
installing this component. 
Apply the grease to the 
bridge rectifier and the 
heat sink where they come 
in contact with each other. 


1. Orient the bridge rectifier and 
the heat sink as shown in Figure 
5-39. Note that the mounting 
hole in the heat sink is not 
centered, but is closer to one 
end. Make sure you orient the 
"+" lead of the rectifier under 
the wider end of the heat sink, 
as shown. 

2. * Attach the heat sink to the 

bridge reqtifier, using a #6-32 
x 'l/2'' screw and a #6 hex hut 
j(Bag 5). - 

3. Orient the heat sink and recti¬ 
fier assembly correctly over 
the board, as shown in Figure 
5-39. When you have the proper 
alignment, the wider end of the 
heat sink will be pointing to¬ 
ward the right side of the 
Power Supply Board, and the 
lead will be going into the "+" 
hole. 


4. Insert the four leads from the 
bridge rectifier through the pro¬ 
per holes on the Power Supply 
Board until the Tegs of the heat 
sink rest on the board. 


5. 


Holding the heat sink in place, 
turn the board over and bend the 
four leads slightly outward. 
Solder the leads to the foil 
(bottom) side of the board and 
clip off any excess lead lengths. 


Bridge Rectifier 

Part Number 

BRl 

KBPC802 


^6-32 XI/2 
SCREW 


HEAT SINK 


BRIDGE 

RECTIFIER 


*■6 HEX NUT 





5-39. Power Su"Dly 

Bridge Rectifier Installation 
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5-50. TERMINAL BLOCK INSTALLATION 
iFiqures 5-40 through 5-42) 


Install the terminal block, TBl 
(Bag 2), on the Power Supply Board 
according to the following instruc¬ 
tions. 

1. Remove the five #6-32 x 1/4" 
screws shown in Figure 5-40 
from the terminal block. 

2. Set the terminal block in place 
on the silk-screened side of the 
Power Supply Board. 


3. Secure the terminal block onto 
the board by inserting nine 
#6-32 X 9/16" or #6-32 x 5/8" 
screws, nine #6 lockwashers, 
and nine #6 nuts (Bag 5) into 
the proper holes as shown in 
Figure 5-41. 

4. Insert 1 shorting link (Bag 2) 
over the lower portion of 
terminals 7 and 8, and 1 short¬ 
ing link over the upper portion 
of terminals 8 and 9. Secure 
in place with four #6-32 x IM" 
screws (Figure 5-42). 


k/ k Id 



5-40. Power Supply Terminal Block 
Screw Removal 


OQ 



5-41. Power Supply Terminal Block 
Screw Insertion 



5-42. Power Supply Terminal Block 
Shorting Link Insertion 

























































5-51. 


MOUNTI'IG POWER SUPPLY BOARD 
ONTO CROSS MEH3ER (Finurs 
5 ^ 

There are five holes on the Power 
Supply Board to be used in mounting 
the board to the Cross Member at 
the back of the main frame. Five 
3/4" threaded spacers (Bag 5) and 
ten #6-32 x 3/8" screws (Bag 5) 
win be used in this procedure. 
Refer to Figure 5-43 and the fol¬ 
lowing instructions for mounting 
the board to the Cross Member. 

Kv/lnsert one screw into each 
mounting hole on the board 
from the silk-screened side. 

2. '^Put a spacer on each screw 

and tighten it down. 

3. Rest the board on the Cross 
Member so that the spacers 
are aligned with the mount¬ 
ing holes. 


4. Fasten the board into place 
by inserting another screw 
into eacn spacer from under¬ 
neath the Cross Member. 


. NOTE 

Before mounting the Power 
Supply Board, make a ground 
connection between terminal 
#9 on the terminal block 
and the lower, right-hand 
mounting screw on the cross 
member. Use a 3-inch piece 
of wire braid with solder 
lugs at each end.' (In¬ 
structions for preparing 
the wire braid are detailed 
in Paragraph 5-72. 
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5-43. Power Supply Board 

Mounting to Cross Member 





5-52. CAPACITOR AND CAPACITOR 

OMP installation (Figures 

5-44 and 5-45) 

---- 

V?ccording to supply variations, 
your kit may contain either one 
capacitoh (varying from 80,000uf - 
lOO.OOOuf, 15V - 25V) or two capa¬ 
citors (varying from 40,000uf - 
60,000uf, 15V - 25V) to be mounted 
on the Cross Member. Figure 5-44 
shows the proper placenent for one 
capacitor. Figures 5-45A and 5-45B 
show the proper placement for two 
capacitors. The capacitor(s) are 
mounted in clamps using a #6-32 x 
3/8” screw and a #6-32 nut (Bag 5). 

Install the capacitor(s) according 
to the following instructions. 

1. Secure the capacitor in the 
clamp with a #6-32 x 3/8“ 
screw and orient the capa¬ 
citor as shown in figure. 

2. Place the clamp and capacitor 

C on the Cross Member, aligning 
the mounting holes. 

3. Secure the clamp to the Cross 
Member using three #6-32 x 3/8“ 
screws and three #6-32 nuts. 






5-45. Power Supply Capacitor and Clamp 
Installation (For Two Capacitors) 


44. Power Supply Capacitor and Clamp 
Installation (For One Capacitor) 


Page 5-53 





5-53. BACK PANEL ASSEMBLY (Figure 
5-46) 

The instructions for the assembly 
of the Altair 8800b back panel are 
divided into the following sections: 

Procedural Instructions 

Capacitor Wiring 

Bridge Rectifier Installation 

I/O Connectors 

Fan Mounting 

Fuse and Fuse Holder 

AC Power Cord 

Transformer 

Back Panel Mounting 


Before beginning the back panel 
assembly, remove the back panel 
from the mainframe and remove the 
mainframe from the case bottom. 

Set aside the mounting screws, as 
they will be replaced later in the 
assembly procedure. 

To aid with.the assembly of your 
unit, a view of a correctly ^assem¬ 
bled back panel is shown below in 
Figure 5-46. 
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Figure 5-46. Completed Back Panel Assembly 



















5-54. PROCEDURA L INSTRUCT IONS 

(Fftjures 5-47 through *5-49) 


Some of the terms and procedures 
that are repeatedly called out in 
the Back Panel Assembly Instructions 
will be explained in detail in 
Paragraphs 5-55 through 5-58. (The 
experienced kit builder who is al¬ 
ready familiar with these procedures 
may wish to skip to Paragraph 5-59.) 

5-55. Terminal Ends . There are 
■five different sizes of terminal 
ends used in the wiring of the back 
panel. The sizes are shown in 
Figure 5-47. Refer to this figure 
whenever a terminal end size is 
called out in the assembly instruc¬ 
tions. 


5-56. Wire Preparation . Before any 
wire is used in an assembly step, it 
should be prepared as follows: 

1. Cut the desired length of wire. 

2. Strip 1/8" to 1/4" of insula¬ 
tion off the ends. 

3. Tin the e)^posed portion of the 
wire by applying a thin coat of 
solder. 


SIZE 

BAG # 


FERMINA 

END 

WIRE GAUGE_ 

SCREW SIZE 

A 

2 

a 



12-10 

slip on 

B 

2 



22-18 

#6 screw 

C 

2 

7 



12-10 

#6 screw 

D 

2 




12-10 

#10 screw' ' 

E 

2 



r- 

2 ) 

12-10 

#10 screw 





L. 





Figure 5-47. Terminal End Sizes 
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5-57. Attaching Terminal Ends to 
Wires. Most of the wire 


connections in the Bad 


Assem¬ 


bly Instructions call for attaching 
a terminal end to a wire and mount¬ 
ing it to the proper terminal. 

This procedure is detailed below: 


For terminal end sizes A throuc 


1. Insert the exposed portion of a 
wire that you have prepared into 
the correct size terminal end as 
shown in Figure 5-48. 


2. Heat the wire and terminal end 
with a soldering iron. Apply 
solder to the heated wire, al¬ 
lowing the solder to flow until 
there is a solid solder connec¬ 
tion. 

NOTE 

If the insulator on the* 
terminal end loosens during 
soldering, be sure to push 
it all the way back in place 
when soldering is completed. 

note 

Be sure to hold A size ter¬ 
minal ends vertically (with 
the wire down) while soldering 
to prevent solder flowing 
onto the slip-on tabs.- 

For terminal end size E: 

Size E terminal ends do not have 
insulators, and therefore must be 
insulated with heat shrink tubing. 
The procedure for attaching E size 
terminals ends varies slightly, as 
follows: 


1. Set the E size terminal end on 
the work surface and heat it 
with a soldering iron until it 
is hot enough to allow solder 
to flow. 


2. Insert the exposed portion of a 
wire you have prepared into tne 
terminal end and apply solder 
until there is a solid connec¬ 
tion. 

3. After the wire has been soldered 
in place and the joint has 
cooled, cut a 1-inch piece of 
heat shrink tubing and place it 
over the terminal end. Use a 
heat gun, if available, or a 
match to shrink the tubing. 

CAUTION 

Terminal ends become extremely 
hot during soldering. Allow 
five minutes cooling time 
after soldering before touch- 
ing the terminal ends._ 


Heat Shrink 
(if used) 

Terminal End 



Figure 5-48. Terminal End Attachment 
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5-58. Connector Pins and Connector 
Sockets. Some of the wire 
connections in the back panel as¬ 
sembly instructions call for con¬ 
nector pins and connector sockets 
housed in a plastic plug. The 
general procedure for preparing 
these plug{s) is detailed below: 

1. Insert the exposed portion of 
a wire that you have prepared 
into a connector pin or con¬ 
nector socket as shown in 
Figure 5-49A. 


4. Commoning tabs may be put into 
the pin housing over pins that 
must be shorted together. Push 
the commoning tabs all the way 
to the base of the pin housing, 
using the tip of a small screw¬ 
driver. 


CAUTION 

Make sure the commoning 
tabs do not come in con- 
tact with each other. 


2. ' Crimp the lower portion of the 

pin or socket around the wire 
insulation. Solder the center 
portion of the pin or socket 
to the exposed portion of the 
wi re. 

3. Insert the pins and sockets into 
their respective housings as' 
shown in Figure 5-49B. 


Wire 


Connector 

Pin 



Connector Socket 


Figure 5-49A. Connector Pin and 
Connector Socket Wire Insertion 



Figure 5-49B. Pin and Socket Housing Assembly 
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5-59. CAPACITOR WIRING (Figure 
5^01 

Before beginning assembly of the 

back panel, wire the capacitor or 

capacitors that are mounted on the 

Cross Member as follows: 

Wiring For One Capacitor: 

/I, Cut tvio 9-inch lengths of 10-12 
gauge wire. Attach C size ter¬ 
minal ends to one end of each 
wire. Attach D size terminal 
ends to the other end of each 
wire. 

2. Connect the 9-inch wires to the 
capacitor by mounting the D size 
•terminal ends to the "+" and 
ground terminals with the #10 
screws provided. 

3. Connect the wire from the "+" 
side of the capacitor to ter¬ 
minal #3 on the power supply 
board terminal block (TBl). 

(See wiring diagram, Figure 
5-50.) 

4. Connect the wire from the 

, ground (-) side of the capacitor 
to termthal #8 of the terminal 
block -(TBl). "(See wiring dia¬ 
gram, Figure 5-50.) 


K/ i ' 

Wiring For Two Capacitors : 

1. Jumper the two "+" terminals 
to each other and the two 
ground terminals to each 
other with two 2-inch lengths 
of 10-12 gauge wire and four 
D size terminal ends. 

2. Cut two 9-inch lengths of 10-12 
gauge wire. Attach C size 
terminal ends to one end of 
each wire. Attach D size ter¬ 
minal ends to the other end 

of each wire. 

3. Connect the 9-inch wires to C5 
(capacitor closest to the Power 
Supply Board) by mounting the 

D size terminal ends to the "+" 
and ground terminals with the 
#10 screws. 

4. Connect the wire from the "+" 
side of C5 to terminal #3 on 
the terminal block (TBl). 

(See wiring diagram. Figure 
5-50.) 

5. Connect the wire from the ground 
side of C5 to terminal #8 of 
the terminal block (TBl). (See 
wiring diagram. Figure 5-50.) 
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3. Attach an A size terminal end 

to one end of each wire. Attach 
a D size terminal end to the 
other end of each wire. 

4. Slip the A size terminal ends 
onto the bridge rectifier ter¬ 
minals as shown in Figure 5-51. 
Attach the two 4-inch wires to 
the "AC" terminals and use mask¬ 
ing tape to label them 13 and 
15. Attach the two 19-inch 
wires to the "+" and "-" ter¬ 
minals and label them 14 and 12 
respectively. 



Figure 5-51. Bridge Rectifier Installation 

O 


5-60. BRIDGE RECTIFIER INSTALLATION 
(Figure 5-51) 


Use the following instructions to 
wire the bridge rectifier (Bag 1 ) 
and mount it to the back panel as 
shown in Figure 5-51. The bridge 
rectifier is part number KBH25005. 

'1^. Mount the bridge rectifier to 
the back panel using a #6-32 
X 3/4 inch screw, #6-32 nut, 
flat washer and lockwasher. 

Make sure the terminal labelled 
is at the upper right corner. 

2. Cut two 4-inch lengths of 12-10 
gauge wire and two 19-inch 
lengths of 12-10 gauge wire. 
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61. FAN MOUNTING (Figure 5-52) 

Before mounting the fan to the 
back panel, install the female 
plug onto the terminals as 
shown in Figure 5-52. If your 
kit does not supply a plug, 
solder two 20-inch lengths of 
22-18 gauge wire to the ter¬ 
minals. 

Attach connector secltets (Para¬ 
graph 5-58) to the two wire 
ends. (The wire ends on the 
plug have been stripped and pre¬ 
tinned.) Label the wires 33 
and 34. 

Mount the fan to the back panel 
with the airflow flowing in¬ 
ward. Use four #6-32 x 5/8 
inch screws and four #6 "snap- 
on nuts" to mount the fan. 


#6-32 X 5/8" Screw 



Figure 5-52. Fan Mounting 



5-62. FUSE AND FUSE HOLDER 
(Figure 5-53) 

V./ 1. Secure the fuse holder (Bag 2 ) 
into the hole provided on the 
back panel using a fiber washer 
and mounting nut as shown in 
Figure 5-53. 

/' 2. Attach a 40-inch length of 22-18 
gauge wire to the side tehninal 
on the fuse. Mount a connector 
pin to the end of the 40-inch 
wire and label the wire #39 
(see Paragraph 5-58). 


5-63. AC POWER CORD (Figure 5-54) 

. Strip about 7 inches of casing 
off the end of the power cord 
to expose the three wires in¬ 
side. 

- 2. Put the strain relief (Bag 2) 
on the cord and position it as 
shown in Figure 5-54. 


3. Snap the strain relief in place 
on the back panel. 

4. Cut the black power cord wire to 
a length of 2 inches and solder 
it to the end of the fuse holder. 
Cut the green power cord wire to 
a length of 5 inches and attach 

a solder lug to the end. Attach 
a connector socket (Bag 4) (see 
Paragraph 5-58) to the end of 
the 7-inch white wire. 
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5-64. TRANSFORMER (Figures'5-55 
through 5-59) 

The instructions for wiring and 
mounting the transformer will be 
divided into three parts: Secondary 
Wiring, Primary Wiring, and Trans¬ 
former Mounting. Review Paragraphs 
5-55 through 5-58 for the procedures 
involved. 


Secondary Wirinc 


/I. Orient the transformer with the 
secondary side (four black wires) 
facing you. Remove the two top 
bolts and nuts and use them to 
mount two "L" brackets (Bag 2) 
as shown in Figure 5-55. 



Attach an E size terminal end 
with heat shrink tubing (see 
Paragraph 5-58) to each of the 
“four black transformer wires 
and label the wires 16-17-18- 
19, beginning with the top wire 
(Figure 5-56). 


3. Attach a C size terminal end to 
each of the three remaining 
secondary wires (Figure 5-56). 
Label the two yellow wires 20 
and 21, and label the yellow/ 
green wire 22. 

vy^4. Bend each of the E size terminal 
ends at a right angle as shown 
in Figure.5-56.. Mount the four. . 
black wires to one side of the 
4-terminal block (TB2), using 
the screws provided. 


5. Mount the terminal block to the 
"L" brackets on the transformer 
using four #6-32 x 3/4 inch 
screws, four #6-32 nuts and four 
#6 lockwashers (Figure 5-57). 


O 




Figure 5-57. Terminal Block Mounting 
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6-66. Primary Wiring . The wires 
on the primary side of the trans¬ 
former will be connected to the 110 
volt source with a 10-pin plug {see 
Paragraph 5-58) according to the 
following instructions. 

A. Pin Housing. 

/ ' / 

1. Attach a connector "to each of 
the primary transformer wires. 

vX2. When all eight wires on the 

primary side of the transformer 
have pins attached, insert the 
pin housing (P4) as shown in 
Figure 5-58. Insert the pins 
in the following order (see 
wiring diagram. Figure 5-50): 




Wiring 

Diagram 

Designation 

Transformer 

Wire Color 
(Primary Side) 

P4 

Pin Housing 
Slot Number 

25 

Red 

3 

26 

Blue 

7 

27 

Green 

4 

28 

Black 

8 

29 

Red/Black 

5 

30 

Blue/Black 

9 

31 

Green/Black 

6 

32 

White/Black 

10 
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Place a two-circuit commoning tab 
over the following pairs of pins: 

3 and 5 . 4 and 6 

7 and 9 8 and 10 

Make sure the tabs do not come in 
contact with each other. 

3. The two wires from the fan (33 
and 34) are to be inserted into 
slots 1 and 2 of the P4 pin 
housing. 



Figure 5-58. Pin Housing Insertion 




Socket Housi^n^. 

■' 1. Cut a 40-inch length of 22-]8 
gauge wire and attach a con¬ 
nector socket to each end. 

Label this wire 37. ^ 

x'2. Insert one connector of 

wire 37 into slot 9 of the 10- 
pin socket housing. Insert the 
socket on the 7-inch white AC 
power cord wire into slot 10 of 
the 10-pin socket housing. 

,- 3, Connect the socket housing to 
the pin housing, as shown in 
Figure 5-49. 


5-67. Mount Transformer to Back 
Panel. 

Mount the transformer to the 
back panel as shown in Figure 
5-59 using four #10-32 x 1/2 
inch screws, 4 nuts, 4 flat 
washers and four #10 lockwashers. 
(The transformer positioning 
may have to be adjusted later 
when the back panel is mounted 
to the mainframe, to insure the 
transformer is resting on the 
cross member.) 

2. Attach wires 13 and 15 from the 
bridge rectifier to terminals 
1 and 2 of the terminal block 
(TB2). (See Wiring Diagram, 

Figure 5-50.) 



#10-32 X 1/2" 


Screw 



Figure 5-59. Transformer Mounting 
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NOTE 


^[^- 68 . 


. 1. Mount the back panel to the 
mainframe as shown in Figure 
5-60 using the original back 
panel mounting screws. (Tighten 
these screws down until they are 
just firm. ) 

2. Make sure the two 19-inch bridge 
rectifier wires, the 40-inch 
fuse wire (#39), and the 40- 
inch connector plug wire (#37) 
go under the fan as the back 
panel is mounted. Connect wire 
14 from the bridge rectifier to 
the "+" side of the capacitor(s). 
Connect wire 12 from the bridge 
rectifier to the ground side of 
the capacitor(s). Make contin¬ 
uity checks (see wiring diagram. 
Figure 5-50). 


MOUNT BACK PANEL TO MAINFRAME 
(Figure 5-60) ~~ 


Make sure the wires from the 
fan go underneath the fan and 
the transformer as the back 
panel is mounted. Make sure 
the transformer rests solidly 
on the cross member when the 
back panel is in place. 

3. Secure the solder lug on the 
green AC ground wire to one of 
the holes on the side of the 
mainframe using a #6-32 x 1/4" 
screw, a #6-32 nut, and a #6 
lockwasher. 



Figure 5-60. Back Panel Mounting 
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^5-69. 18-SLOT MOTHERBOARD ASSEMBLY 

5-70. BUS WIRE CONNECTIONS 
(Figure 5-61) 

Refer to Figure 5-61. Note that 
the two outside rows of holes on 
either side of the motherboard 
each have four wire connections. 
These are the +8v, -18v, +18v and 
ground lines to the power supply 
from the bus. The wire connections 
are made by Inserting the end of 
the wire from the top side of the 
motherboard and soldering It to 
the foil (bottom) side. On the 
foil side of the motherboard, hole 
#1 and hole #50 are marked on each- 
slde. Complete the wire connec¬ 
tions according to the following 
Instructions: 

1. Cut six 20-Inch lengths and 
two 14-Inch lengths of 22-18 
gauge wire. 

^ ^n both sides of the motherboard : 

2. Install one 20-Inch wire Into 
hole #1 (+8v). 

3. Install one 20-Inch wire Into 
hole #2 (+18v). 

4. Install one 20-Inch wire Into 
hole #52 (-18v). 

5. Install one 14-Inch wire. Into 
hole #50 (ground). 




5-71. HARDWARE INSTALLATION 
(Figures 5-6l and 5-62' 


At this time, the edge connectors, 
Coble clamps, mainframe cross 
rails, and card guides will all 
be assembled onto the motherboard 
according to Figures B-61 and 
5-62 and the following instruc¬ 
tions. 


1. Position the two lOO-pin edge 
connectors on the motherboard 
as shown in Figure 5-61. Care¬ 
fully insert the connector pins 
into their respective holes. 

If necessary, guide some of 
the pins with the tip of a 
small screwdriver. Be sure 
that the connector is tight 
against the board and that all 
100 pins have been inserted. 
Solder each connector pin to 
the foil pattern on the bottom 
of the board. 

2. Visually inspect the connection 
to make sure there are no sol¬ 
der bridges. 

3. Remove the two cross rails 
from the mainframe. Mount the 
cross rails to the bottom of 
the motherboard using eight 
screws, positioned as shown 

in Figure 5-61. Attach cable 
clamps to the four back mount.- 
ing screws and run the bus 
..wires through the cable clamps 
before tightening the screws 
down. 

4. Match up the four,pairs of bus 
wires at the back of the mother¬ 
board as shown in Figure 5-61. 
Attach a size C terminal end 

to each pair. Make sure the 
correct wires have been paired 
off: 


-18v with -18v 
+8v with +8v 
ground with ground 
+13v with +18v 

5. Mount the card guides on both 
sides of the connectors, as 
shown in Figure 5-62. 
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C 5-72. CHASSIS GROUND CONNECTION 
(Figure 5-63) 

To Insure a good ground connection 
between the motherboard and the 
chassis, two ground wires will be 
run from the ground land on the 
foil (bottom) side of the mother¬ 
board to the side rails of the 
mainframe. Refer to Figure 5-63 
and make the ground connections 
according to the following instruc¬ 
tions. 

1. Cut two 6-inch pieces of wire 
braid. 

2. Attach a solder lug to one 
end of each piece. To do this: 
twist the end of the wire 
braid; insert it into the 
small hole on the lug; solder 
the braid to the lug until 
the small hole is completely 
filled with solder. 

C 


On both sides of the motherboard ; 

3. Place the braid on the ground 
land along side the cross rail 
so that the lug and about three 
inches of braid hang over the 
side, as shown in Figure 5-63. 
Solder the remaining three 
inches to the ground land. It 
may be helpful to first "tack" 
the braid in place with small 
amounts of solder and then, 
using the flat of the solder¬ 
ing iron to heat the braid, 
make a solid solder connection 
over the entire three inches. 
Make sure there are no solder 
bridges to the adjacent lands 
on the board. The lugs will 
be attached to the side rails 
of the mainframe after the 
motherboard has been installed 
(Paragraph 5-73). 





Figure 5-63. Chassis Ground Connection 
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5-73. INSTALL MOTHERBOARD ON MAIN¬ 
FRAME 

1. Attach four #6-32 x 3/8" thread¬ 
ed spacers to the end holes in 
the crossrails, using #6-32 x 
1/4" screws. Place the mother¬ 
board/crossrail assembly In the 
chassis so that the spacers at 
the front of the assembly align 
with the 8th hole (from the 
front) of the chassis side mem¬ 
bers. Secure the assembly to 
the chassis with four #6-32 x 
1/4" screws. 

2. Connect the four termfnal 
ends on the bus wires to the 
terminal block (TBl) on the 
Power Supply Board as follows 
(see wiring diagram. Figure 
5-50): 


Check for continuity between 
each bus connection and its 
respective terminal block con¬ 
nection. 

•3. To assure a good ground connec¬ 
tion, rub the alodine coating 
off the chassis side member with 
steel wool. On each side of the 
board, connect the chassis ground 
wire from the motherboard to one 
of the holes on the chassis side 
member. Secure with a #6-32 x 
3/8" screw and a #6-32 nut. 


Voltage 

Bus Connection 

T&l Connection 

-18v . 

• holes #52 

slot #1 

+8v 

holes .#1 

slot #3 

ground 

holes #50 

slot #9 

+18v 

holes #2 

slot #10 
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d -74. ON/QFF SWITCH WIRING 
(Figure 5-64) 


The on/off switch (SI) on the 
Display/Control Board will connect 
to wires 37 and 39 from the power 
supply by means of a 2-pin plug, 

P5. (See wiring diagram. Figure 
5-50.) Prepare the 2-pin plug 
(Bag 4) according to the following 
instructions. (Refer to Paragraph 
5-58 for procedural instructions 
on preparing the connector sockets 
and pins.) 

1. Cut two 2-inch pieces of 22-18 
gauge wire. 

2. Solder one wire (wire #40) to 
the center pin of SI on the foil 
(bottom) side of the Display/ 
Control Board. Solder the other 
wire (wire #38) to the bottom 

. pin of SI. 

O Attach a connector pin to the 
free end of both wires. Insert 
the connector pins into the 2- 
pin pin housing, as shown in 
Figure 5-64. 

4. Insert the connector sockets of 
wires 37 and 39 from the power 
supply into the 2-pin socket 
housing. 


CAUTION 

These sockets (37 and 39) 
wilT be directly connected 
to the llOv source: Make 
sure the sockets are com¬ 
pletely enclosed inside 
the socket housing. It is 
advisable to use tape or 
heat shrink to insulate the 
wires where they enter the 
socket housing. 




Figure 5-64. On/Off Switch Wiring 
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4. 


5-75. MOUNT PC BOARDS IN MAINFRAME 

1. Slide the Sub Panel (with the 
Display/Control Board attached) 
onto the front of the mainframe 
so that the front uprights are 
in between the Display/Contrx)! 
Board and the Sub Panel. 

2. Secure the Sub Panel in place 
from the front of the mainframe 
using the four #6-32 flathead 
screws that came with the 
chassis. 

3. Perform a voltage check before 
Installing the Interface Board 
and CPU Board. Connect the pin 
and socket housings of P5, put 
the fuse Into the fuse holder, 
plug In the power cord, and turn 
SI on. Monitor the voltages on 
the motherboard. If the voltages 
are not correct, refer to Section 
IV, Troubleshooting. (Disconnect 

, power before proceeding with the 
next steps.) 


Install the Interface Board onto 
the motherboard in the first 
(right-most) 100-pin connector. 
The ribbon connectors, PI and 
P2 should be next to the Display/ 
Control Board. Connect PI and 
P2 from the Interface Board to 
PI and P2 on the Display/Control 
Board. 

5. Install the CPU Board Into the 
next 100-pin connector. Prepare 
two female connectors (see Para¬ 
graph 5-76) and mount them so 
that P3 on the Interface Board 
is connected to P3 on the CPU 
Board. 
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^ b-76. Instructions for Female Con- 
nectors, P3 (Figure 5-65) 

1. Using the wire in Bag 4 of the 
Interface Board, cut the wire 
into eight 2-inch lengths. 


2. Strip 1/8 inch of insulation 
from the ends of each wire and 
tin the exposed ends by apply¬ 
ing a thin coat of solder. 

3. Install a connector pin (Bag 3 
of D/C Interface Board) onto 
both ends of each wire by crimp 
ing the wire into place as 
shown in Figure 5-65 A and B. 
Then solder the exposed portion 
of the wire to the pin. 


4. Insert the 8 pins into connector 
slots 3 through 10 on both con¬ 
nectors, as shown in Figure 
5-65(C). 



Insert the key (Bag 3 of D/C 
Interface Board) into connector 
slot #2. This key is inserted 
to insure that the female con¬ 
nectors are installed correctly. 


NOTE 

Slot #1 will not be wired. 


6. Aligning slot #1 with pin #1, 
install the female connector 
onto the male connector (P3) - 
on the Interface Board,and jon 
the CPU Board. 





Figure 5-65. Female Connector Wiring for P3 
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5-77. CASH 


1. Snap the dress panel in place 
in front of the case bottom. 

2. Lower the mainframe into the 
case bottom at a front-to-back 
angle, so the switches on the 
Display/Control Board fit 
through the holes on the dress 
panel. 

3. Secure the mainframe in place on 
both sides by replacing the two 
original #6-32 x 3/8" mounting 
screws. 

4. Put the case top on the case 
bottom. 
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8800b Interface Board 


Quantity 

Component 


MITS Stock Number 

n 

74LS04 Integrated Circuit 


101042 

3 

74LS20 Integrated Circuit 


101134 

4 

74367 Integrated Circuit 


101040 

1 

7400 Integrated Circuit 


101020 

1 

7402 Integrated Circuit 


101021 

1 

7410 Integrated Circuit 


101024 

1 

8212 Integrated. Circuit 


101071 

1 . 

7805 Voltage Regulator 


101074 

1 

24-pin Socket 


102105 

24 

.1 uf 12v Capacitor 


100348 

4 

2 

33 uf 16v Capacitor 


.100326 

2 

Molex Key 


101791 

3 

Ferrite Bead 

# 

101876 

1 

Heat Sink 


101870 

1 

Small 10-pin Right Angle Connector 

101798 

2 

Molex Plug 


101720 

20 

Molex Terminal 


101723 

5 

'6-32 X 3/8“ Screw 


100925 

. 2, , 

4-40 X 5/8” Screw 


100904 

1 

6-32 Nut 


100933 

2 

4-40 Nut 


100932 

1 

#6 Lockwasher 


100942 

1 

#4 Lockwasher 


100941 



8800b Interface Board - Continued 


Quantity 

Component 

MITS Stock Number 

1 

100-pin Edge Connector 

101864 

2 

Card Guides 

101714 

2 

Ribbon Cable Assembly 34 Conductor 

103038 

4 

14" Green or Blue Wire 

103051 or 
103052 

7 

2.2K l/2w 5% Resistor 

101945 

1 

PC Board 

100201 




8800b Display Control Board 


Bag 

1 


2 


Quantity 

Component 

MITS Stock Number 

7 

7407 Integrated Circuit 

101142 

5 

7405 Integrated Circuit 

101052 

8 

74LS175 Integrated Circuit 

101140 

2 

74LS74 Integrated Circuit 

101088 

1 

74367 Integrated Circuit 

101040 

2 

8T98 Integrated Circuit 

101045 

1 

7493 Integrated Circuit 

101030 

2 

7400 Integrated Circuit 

101020 

4 

74LS04 Integrated Circuit 

101042 

1 

74LS14 Integrated Circuit 

101123 

3 

7410 Integrated Circifit 

101024 * 

1 

74L10 Integrated Circuit 

101081 

2 

74LS30 Integrated Circuit 

101135 

2 

4040 Integrated Circuit 

101130 

1 

4009 Integrated Circuit 

101104 

1 

7805 Voltage Regulator 

101074 

1 

79M08 Voltage Regulator 

101111 

2 

100 Ohm l/2w 5 % Resistor 

101924 

1 

470 Ohm l/2w 555 Resistor 

101927 

1 

IK l/2w 555 Resistor 

101928 

1 

4.7K Resistor Pack 

101999 

1 

5 Ohm 5w 5 % Resistor 

102074 

2 

6-32 X 1/4" Screw 

100917 

2 

IN914 Diode 

100705 
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8800b Display Control Board - Continued 


Bag 

Quantity 

Component 

MITS Stock Number 


2 

6-32 Nut 

100933 


2 

#6 Lockwasher 

100942 


3 

Ferrite Beads 

. 101876 

3 

37 

220 Ohm l/2w 5 % Resistor 

101925 

4 

34 

2.2K Ohm l/2w 5 % Resistor 

101945 

5 

3 

.001uf Ikv Capacitor 

100328 

■ 

1 

.luf 5dv Capacitor 

100380 


2 

47uf 16v Capacitor 

100392 


2 

22uf 35V Capacitor 

100393 

6 

25 

.luf 12v Capacitor 

100348 

7 

17 

SPDT*(Sn-*lF2C) Switch 

101879 

8 

8 

MOM (ST1-3F2C) Switch 

101880 

9 

36 

RL-21 LED 

100702 

10 

1 

1702A Programmed PROM 



3 

8212 Integrated Circuit 

101071 


4 

24-pin Socket 

102105 

MISC. . 

- - l' : 

PC Board - 

100200 
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8800b CPU Board 


Bag 

1 


2 


3 

4 


Quantity 

1 

1 

1 

1 

1 

2 

1 

7 

2 

2 

1 

2 

1 

1 

24 

13 

1 

T 

1 

1 

2 

1 

1 


Component 

8080 Integrated Circuit 
8212 Integrated Circuit 
4009 Integrated Circuit 
24-p1n Socket 
40-pin Socket 
8216 Integrated Circuit 
8224 Integrated Circuit 

74367 Integrated Circuit 

74368 Integrated Circuit 
74LS14 Integrated Circuit 
74LS13 Integrated Circuit 
74LS04 Integrated Circuit 
7805 Voltage Regulator 
7812 Voltage Regulator 
2.2K 1/2W 5% Resistor 
3.3K l/2w 5 % Resistor 
15K l/2w 5% Resistor 

IK l/2w 5 % Resistor 
620 Ohm l/2w 5 % Resistor 
330 Ohm l/2w 5 % Resistor 
470 Ohm l/4w 5 % Resistor 
lOK l/2w 5% Resistor 
100 Ohm l/2w 5% Resistor 
10 Ohm 2w Resistor 


MITS Stock Number 
101070 
101071 
101143 
102105 
102106 
101141 
101125 
101040 
101045 
101123 
101124 
101042 
101074 
101085 
101945 
102085 
102083 
101928 
102095 
101926 
101902 
101932 
101949 


1 


101960 



•8800b CPU Board - Continued 


Bag 


5 

6 


7 


MISC. 


Quantity Component MITS Stock Number 


1 

IN4733 5v Diode 

100721 

1 

IN4730 3.9v Diode 

100734 

3 

CS4410 or 2N4410 Transistpr 

102806 

22 

•luf 12v Capacitor 

100348 

3 

.luf 50V Capacitor 

100380 

13 

luf 35v Capacitor 

100308 

4 

33uf 16v Capacitor 

100326 

2 

lOuf 25V Capacitor 

100352 

1 

lOuf 16v Capacitor 

100394 

1 

22uf 16v Capacitor 

100395 

1 

Smalt 10-pin Right Angle Connector 

101798 

1 

100-pin Edge Connector 

101864 

2 

Card Guides 

101714 

7 

Ferrite Beads 

101876 

1 

18 MHz Crystal 

101877 

2 

Heat Sink (Large) 

101870 

6 

6-32 x-3/8'‘ Screw ' ■ 

100925 

2 

6-32 Nut 

100933 

2 

#6 Lockwasher 

100942 

2 

4-40 X 5/8" Screw 

100904 

2 

4-40 Nut 

100932 

2 

#4 Lockwasher 

100941 

1 

PC Board 

100198 
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8800b Power Supply Board 


Component MITS Stock Number 

Bridge Rectifier 25 AMP, 50v(KBH25005) 100735 

Bridge Rectifier TJ n8-0(KBPC802) 100733 

Transistor TIP 140, TIP 141 102819 

(with mica insulator and washer) 

Transistor TIP 145, TIP 146 102820 

(with mica insulator and washer) 

IN4746 18v Zener Diode 100726 

180 Ohm l/2w Resistor 10.1998 

Heat Sink (large) 101870 

Terminal Block 150 Series, 4 Term. 101627 

Terminal Block 141 Series, 10 Term. 101868 

Jumper for 141 Series 101651 

Fuse - 3 amp SLO-BLOW 101772 

Fuse Holder 101813 

T.B. Brackets- 101652 

Strain Relief 101719 

Rubber Feet 101751 

Ring Terminal #10-#12 wire, #10 bolt 101642 

Spade Terminal #10-#12 ;wire, #10 bolt 101643 

Spade Terminal #10-#12 wire, #6 bolt 101644 

Quik Disconnect #10-#12 wire, 1/4" tab 101645 

Spade Terminal #18-#22 wire, #6 bolt 101646 

2200uf, 25v Capacitor 100375 

Plug MATE-N-LOK 10 Circuit 101635 

Receptacle MATE-N-LOK 10 Circuit 101636 

Pin MATE-N-LOK 101639 

Socket MATE-N-LOK 101640 



J 


8800b Power Supply Board - Continued 


o 

Quantity 

Component 

MITS Stock Number 


4 

COmmoning Tab 

101641 


1 

Plug MATE-N-LOK 2 Circuit 

101637 


1 

Receptacle MATE-N-LOK 2 Circuit 

101638 

• 5 

1 

6-32 X 1/2" Screw 

100918 


19 

6-32 X 3/8" Screw 

100925 


5 

6-32 X 5/8" Screw 

100916 


9 

6-32 X 9/16" Screw 

100956 


4 

6-32 X 3/4" Screw 

100935 


1 

8-32 X 1" Screw 

100927 


4 

10-32 X 1/2" Screw 

100958 


13 

6-32 X 1/4" Screw 

100917 

c 

19 

6-32 Nut 

100933 


4 

#6 Snap-On Nut (with fan) 



1 

8-32 Nut 

100929 


4 

10-32 Nut 

100962 


2 

6-32 X 3/8" Screw (Nylon) 

100959 


2 

6-32 Nut (Nylon) 

100960 


17 

#6 Lockwasher 

100942 


.1 

#8 Lockwasher . . 

. * 100945 


4 

#10 Lockwasher 

100963 


5 

3/4“ 6-32 Spacer (Threaded) 

101626 


4 

#6 Flat washer 

100943 


1 

#8 Flat washer 

100939 

o 

4 

#10 Flat washer 

.100961 


4 

3/8" 6-32 Threaded Spacer 

101863 

A-7 





880Qb Power Supply Board - Continued 


Bag 

Quantity 

Component 

MITS Stock Number 

MISC. 

1 

95000uf 15v DC with Clamp 

100391 


1 

PC Board 

100202 

' r. 

. . ' S , r ; 

6Ft. 3-wire Power Cord 

,, ‘1 _ ■ 

101742 


‘1 

. 2 h 1. • 

Fan 

101869 


20 

#18 Stranded Wire 

103090 


-v5'. 3 , 

#12 Stranded Wire 

103092 


2' 

Grn. Braid 

r v’ - . 

101801 


.: ”4 

3/16" Cable Clamps 

103023 


20 

Tie Wrap 

103037 


6” 

Heat Shrink 

103073 

Separate 

Box 

T ' 

Transformer 

102616 







8800b Case and Misc. 


Quantity 

Component 

MITS Stock Number 

1 

Case 

100505 

1 

Back Panel 

100545 

1 

Dress Panel 

1005-41 

1 ' 

Main Board 

1P0193 

2 

Card Rail '• 

^v..; ,.-5. ^ 

• - ■)' 

101603 - 

1 

Manual (Altair 8800b Documentation) 

101531 

1 

Micro Processor Dictionary;fand Guide 

101539 

1 

Intel 8080 Manual 

101585 




8800b Addenda, November, 1976/page 9 


17. Page 3-63, Figure 3-14, CPU Schematic.'^ 

An output pin at IC A is labelled incorrectly as pin 7. 

CHANGE TO: 

From the 8080 the 01 signal enters NAND gate A at pin 7 and passes 
from pin 6 of IC A to IC J at pin 10, 






8800b Addenda, Novemberi 1976/page 4 



Page 5-60,'Bridge Rectifier Installation, Steps 2 and 4: 
2. Cut twov^ lengths of 12-10 gauge wire . . . 
CHANGE TO: ' 

2. Cut twoMnclV lengths of 12-10;?gauge wire . . 5 


4. SI 
as 


tp - the, A S:f2%:terminal -ends onto the bridge regtijflei* 
shdwih in HgtftSe 5-51.; Attach the twol^A^indh". 



CHANq^JO: 


k' SI i p,\the A size terminal ends? onto .b|ldge recttfiW :t^ihal s 
as shown ih Figure ,5^51.. AttachHfie two" 5*inch w:^res-" 




Page -|-63, Secondary Wiring, Steps.!, 2"ihd'4:?-''' 




-l-r- Ori-ent thI transformer. ,w th; the se6ondary-sfdl.>^four blecic wi^e^) v. 

V,.’, '■ : ^ 

;jCHANGE TO; ^ , 

-i^r^rient the transformer wi th the secontlary Side"' (four l arge wi res) . 



Attach h^'srtrinl^tgbiiTg^(pe:P^^^ 

I 5-^8)^ to^jeachib'^'thei'^urkblack'transfopier'^ 

/ wireskl6-17-T8^9, beginning with the.tb^ Wire (FiguV^^S-se). ' 



, CHANGE.TO; 

/ . •* V 


Attach aitii eiz.e''t^^ end with heat shrink tobing: 

5-58), tbfeacfip'-^'the four large trapsforin|r ^w|;r^^^ha; 
wiree'l 6^-l8f TS- as shown 


Paragraph 
the V 


4. Beni^eaclt^fi theat a right angle as shown in 
Figure 5t66* v Mount the^^^f^^ . ..k 


CHANGE TO: / 

4. Bend each of the E size terminal ends atk!a‘ 
Figure 5-56. Mount the four large wires .' 


e Hs ^Ihown f ri- 
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Figure 3-14. CPU Schematic 


3-63/(3-64 blank) 





























































































Figure 3-15. Interface Schematic (sheet 1 of 3) 

3-65/(3-66 blank) 
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Figure 3-16. 

Display/Control Schematic (sheet 1 of 3) 
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Figure 3-16. Display/Control Schematic (sheet 2 of 3) 
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